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New Members—November 1933 


Class “B”’ Proposed by 

E. P. S. Gardner—Quasi- 
Arce, Inc., P. O. Box 
54, New Brunswick, 
ee: & 

Y. Matsuda—Imperial 
Japanese Naval In- 
spector’s Office, 1 
Madison Ave., New 
York City 

J. W. Allison—Westing- 
house E. & M. Co., 
30th & Walnut Sts., 
Del. County, Pa. 

Class ‘‘C” 

Eugene V. Mingotte-—81 
Addison Street, E. 
Boston, Mass. 

H. O. T. Ridlon—Bar- 
rett Hardware Co., Jo- 
ket, Ill. 

Wm. G. Allen—Ameri- 
can Twist Drill & Tool 
Co., 2804 W. Jefferson, 
Detroit, Mich. 

Inge Lyse—Lehigh Uni- 
versity, Bethlehem, 
Pa. W. Spraragen 

Class ‘‘D” 

A. T. Rudd-—White’s 
Garage, W. Ossipee, 
N. H. 

Class ‘‘ F” 

E. F. Potter—2240 Wil- 
liam Street, Schenec- 
tady, N. Y., General 
Electric Co. 


J. J. Crowe 


R. D. Thomas 


R. W. Clark 


Ford Exposition of Progress 


Port Authority Commerce Building 
8th Ave. & 15th St. 


More than 150 industries will be repre- 
sented in the biggest show ever held in 
New York City, according to officials of 
the Ford Motor Company, who announced 
yesterday that they will hold a Ford Ex- 
position of Progress in the Port Authority 
Commerce Building in New York City 
beginning on December 9th. The ex- 
position will require six acres of floor space 
and will utilize more than 10,000 tons of 
equipment. 

More than 150 industries are cooperat- 
ing with the Ford Motor Company. 
In addition to depicting the history of 
the motor car through exhibits of early 
model automobiles, the exposition will 
provide the public with a graphic picture of 
what the country’s various industries have 
done to develop the automobile industry. 

The Bethlehem Steel Company will 
actually manufacture steel at the exhibit 
and the Briggs Manufacturing Company 


will turn out twenty completed automo- 
bile bodies daily. Tremendous stamping 
presses and electric welding equipment 
are being installed in the Port Authority 
Building to make it possible for the 
public to witness the manner in which 
steel motor car bodies are made. In sharp 
contrast to the modern scientific develop- 
ments which will be shown will be the 
original workshop of Henry Ford. 

The rubber industry will be represented 
and the United States Rubber Company 
will have a miniature Sumatra rubber 
plantation with living rubber trees. The 
public will see the milk gathered from the 
trees and will be able to witness the com- 
plete operation of tire manufacturing. 
The Firestone and Goodrich companies 
will supplement this with extensive ex- 
hibits of their own. 

The exposition will also show a number 
of scientific devices, including a 280,000- 
volt X-ray device by means of which the 
public will have an opportunity to peer 
through solid steel. Electric eyes will 
count parts as they pour from a machine 
and the stroboscope will do its work. 
This novel device by optical illusion slows 
down a motor which is turning thousands 
of revolutions per minute and makes its 
parts look as though they were barely 
turning. Another unusual device will 
be the acoustimeter, with which the 
listener can hear only those sounds he 
wishes to hear. Other sounds are tuned 
out. 


**The Book of Stainless Steels’’ 


A gap in the field of technical litera- 
ture has been filled with the publication 
of ‘‘The Book of Stainless Steels’’ by the 
American Society for Steel Treating. 

Seventy-seven authorities on making 
and using the many kinds of heat and cor- 
rosion-resisting chromium alloys collabo- 
rated to write this book. 

About two-thirds of the chapters de- 
scribe the properties of the steels—how 
to fabricate them and what to expect of 
them. 

“The Book of Stainless Steels’ has 614 
pages of text and 200 illustrations, in- 
cluding photographs, charts and diagrams. 
It is bound in red cloth and is 6 by 9 
inches. Price is $5.00, post paid. Orders 
may be sent to the AMERICAN WELDING 
Society. 


Are Welding Abroad 


The August 4, 1933, issue of ‘“The En- 
gineer,’’ in summarizing matters discussed 
at the recent Scandanavian World Power 
Conference, makes the following reference 
to welding: 

“Professor Kuchel (Germany) in his 
report (No. 70) drew attention to the itn- 


mense strides made in the application 
of electric welding processes. In Ger- 
many, he said, the present energy con- 
sumption for electric arc welding alone 
was at least 50 million kwh. annually, 
and Mr. Hansson noted that there were 
about 10,000 welding sets in use today in 
that country, and that the tendency in arc 
welding was toward an increased use of 
alternating current. In regard to resis- 
tance welding the present development was 
mainly concerned with the design of auto- 
matic apparatus.” 


Obituary 


The Society learns with regret of the 
passing away of William Penn Brown on 
October 31st at Oakland, California, after 
a lingering illness of two years. 

Mr. Brown at the time of his death was 
Vice-President and General Manager of 
Brown Bros. Welding Works of San Fran- 
cisco, one of the largest and most up-to- 
date welding shops on the Pacific Coast. 

Mr. Brown was a graduate of Yankton 
College, Yankton, S. D., and of the Minne- 
sota University, where he became in- 
terested in oxyacetylene welding and cut- 
ting. Since 1911 he was successively 
connected with the Metal-Weld Company, 
the Brown Bros. Welding Works and the 
National Welding & Equipment Com- 
pany. 

William Brown and his brother Hugh 
were charter members of the San Fran- 
cisco Section of the AMERICAN WELDING 
Society, of which organization William 
Brown was one of its first chairmen. He 
was well known in marine circles on the 
Pacific Coast since the Brown Bros. 
Welding Works pioneered welding repairs 
on steamships visiting the port of San 
Francisco. 

Besides his widow, Laura E. Brown, he 
leaves two sons, Howard and Robert, and 
a daughter, Frances. 

RESOLUTIONS: 

At the regular monthly meeting of the 
San Francisco Section of the AMERICAN 
WELDING Socrety held in Alameda, Cali- 
fornia, on November 24, 1933, the follow- 
ing resolutions were adopted: 

WHEREAS, the AMERICAN WELDING So- 
cIeTY has learned with profound sorrow 
of the passing of Willium Penn Brown, 
October 31, 1933. 

WHEREAS, in the death of William Penn 
Brown, the San Francis:o Section of the 
AMERICAN WELDING Socrety has lost a 
charter member, a pioneer in the art of 
welding, a man of vision and enthusiasm, 
a business associate of integrity and honor, 
a loyal co-worker for the advancement of 
the welding industry, a helpful and in- 
telligent counsellor and a man whose ster- 
ling character will long be remembered by 
those whose good fortune it was to know 
him; therefore, be it 

RESOLVED: That the AMERICAN WELD- 
ING Society hereby expresses the deep 
regret of its members in his death, and 
that the Society honors the memory ol 
Mr. Brown and expresses its deep sorrow 
for his loss by incorporating this resolution 
in the records of the Society and sending 
copies to his bereaved family and business 
associates as evidence of its compassion. 
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SECTION ACTIVITIES 








BOSTON 


One of the most instructive and interest- 
ing meetings the Boston Section has ever 
held was the meeting of November 3, 
1933, at the Watertown Arsenal. This 
was a joint meeting with the Boston Chap- 
ter of the American Society for Steel Treat- 
ing, and the two Societies were well repre- 
sented—attendance being 400. The de- 
tails of this program are given below. 


Afternoon Session 


Subject Demonstrator 
Induction furnace melt- 
ing and centrifugal 
casting of cannon Lt. Conner 
Cold working of canuon Lt. Latimer 
High temperature an- 
neal, hardening and 
tempering centrifugal 
castings Lt. Mesick 
Demonstration at as- 
sembly table in con- 
nection with talk on 
design for welding Mr. Healy and 
Mr. Maguire 
Demonstration of com- 
pleted gun, going in 
action, in action and 
going out of action Mr. Maguire 
Physical testing. Im- 
pact test Mr. Mana 
Stress-strain curves Mr. Mann 
Macro study of etched 
steel Dr. Yatsevitch 
X-ray study of welded 
structures Dr. Lester 


Flash and spot welding Mr. Maguire 
Gas cutting of weld 

plate with templates Mr. Maguire 
Exhibit of welded joints Mr. Warner 


Evening Session 

Dinner—entertainment 

Routine Society business 

Presentation of prepared papers: 

“The Development and Functions of the 
Arsenal,’”’ Col. Jenks, Commanding 
Officer. 

“Welding of Structural Nickel Steel,” 
Mr. W. L. Warner. 

“Centrifugal Casting,’’ Lt. S. L. Conner. 

“Heat Treatment of Centrifugal Cast- 
ings,’’ Col. G. F. Jenks. 


The next meeting of the Section will be 
held Friday evening, December 8th, in 
Room 4-270 at the Massachusetts Insti- 
tute of Technology at 7:45 P.M. The 
papers to be presented are: ‘‘Some Metal- 
lurgical Aspects of Welding,’”’ by Dr. J. 
P. Walsted of M. I. T., Chairman of 
Boston Branch, Fundamental Research 
Committee of American Bureau of Weld- 
ing; and “Nitrogen in Welds,’’ by Prof. 
J. H. Zimmerman, of M. I. T. Both 
papers will be illustrated. 


CHICAGO 


The Chicago Section held its first meet- 
ing of the season Friday evening, Novem- 





ber 24th, at the Wedgewood Hotel. The 
subject of this meeting was “‘The N. R. A. 
as It Affects the Welding Industry.” 
The speakers for the evening were T. B. 
Marshall, from the office of the District 
Compliance Director of the N. R. A., and 
T.S. Wright, of the Hollup Corporation. 

After the talks there was considerable 
discussion upon the subject by a number 
of the members and guests. There were 
about sixty members and guests in at- 
tendance. 

The next meeting will be held Friday 
evening, December 14th, and the subject 
of this meeting will be ‘“Recent Develop- 
ments in Structural Welding.” 


DETROIT 


The December meeting of this Section 
will be held on the 14th. G. E. Phelps, 
of the Air Reduction Sales Company, is 
scheduled to read a paper on “Flame 
Machining by the Oxyacetylene Process.” 


LOS ANGELES 


An interesting, instructive and enter- 
taining meeting of the Los Angeles Sec- 
tion was held on November 23rd in the 
Chamber of Commerce Building. The 
program was as follows: 

“Recent Advances in Electrical Sci- 
ences,” by G. M. Hawley, S. L. 
Cipperly and G. M. Rankin, all of 
the Southern California Edison Com- 
pany. 

Mostly All Action—Not Much Talk: 
(1) “The Electric Eye’; (2) “In- 
visible Light’; (3) “Black Light’; 
(4) “Transmission of Sound over 
Light Beams”; (5) ‘‘Light and Color’’ 
by Mr. G. M. Rankin; (6) ‘Death 
Rays.” 

Actual electrical demonstrations were 

given which could be seen as well as heard. 


PHILADELPHIA 


The November 20th meeting of this 
Section was well attended. Mr. W. D. 
Halsey, Assistant Chief Engineer, Boiler 
Division, Hartford Steam Boiler Inspec- 
tion & Insurance Co., gave an excellent 
talk on the Boiler Code, and the discussion 
which followed was quite lively. 

The next meeting of this Section will be 
held on January 15th with the following 


program: Mr. O. A. Tilton, Industrial 
Engineering Dept., General Electric Com 
pany, will talk on “Hard Surfacing by 
Welding.” Mr. E. V. David, Applied 
Engineering Dept., Air Reduction Sales 
Company, will talk on “Armoring Ma 
chinery and Equipment to Resist Wear.” 


NEW YORK 
An unusually successful symposium 
was held by the New York Section on 


November 22nd on Aluminum Welding. 
About 350 people were present. The 
following papers were presented: 

General Lecture, by Dr. H. V. Churchill, 
Chief Chemist, Aluminum Company 
of America. 

“Are Welding and Electric Resistance 
Welding of Aluminum,”’ by D. I. Bohn, 
Aluminum Company of America 

“Gas Welding of Aluminum,”’ by G. O 
Hoglund, Aluminum Company of 
America. 


PITTSBURGH 


The next regular meeting of the Pitts 
burgh Section will be held Wednesday 
night, December 6th, in the Tudor Room, 
Fort Pitt Hotel, Pittsburgh. 

The speaker for this occasion will be 
J. C. Hodge, Engineer of the Babcock 
& Wilcox Company, Barberton, Ohio 

Mr. Hodge will deliver a paper on the 
“Fabrication of Penstocks by Fusion 
Welding for Boulder Dam” and will dis 
cuss briefly the Boulder Dam Project 
Both slides and films will be shown 


SAN FRANCISCO 

A very excellent program was arranged 
for the November 24th meeting of the 
San Francisco Section which was held in 
the auditorium of the Alameda High 
School. Mr. Charles Cox, Director of 
Vocational Education, Alameda, showed a 
sound film demonstrating the various and 
sundry things which can be accomplished 
by proper control of sound, inspection of 
the unusually fine school ships and an 
explanation of one of the most outstand- 
ing school broadcasting installations in the 
country. 

Mr. L. W. (Duke) Evans of the Rich 
mond Plant of Rheem Manufacturing 
Company spoke on “‘Production Welding.” 

Mr. C. S. Smith, District Manager of 
Linde Air Products Company, Pacific 
Coast, presented a paper on ‘‘ Maintenance 
of Plant Equipment.” 

Mr. C. R. Owens of the General Elec 
tric Company, showed an 
film on pipe welding. 


interesting 








EMPLOYMENT SERVICE BULLETIN 








SERVICES AVAILABLE 
A-206. Welding engineer with mature judgment of design for welding, experienced in 
welding of heavy machine parts, structural work, hand, automatic and carbon welding of 
light gage steel and everdur tanks, interested also in employment as welding foreman or 
any temporary assignments to assist with weld design or establish economical welding. 


A-207. Arc welder desires position. Forty years of age. 
six years’ experience in general hand arc welding and is mechanically inclined. 


Desires steady work. Has 
Have also 


experience in machine shop and gray iron foundry work. Have experience also as arc 


welding foreman and inspector. 
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The Metal-Are Welding 
of Galvanized Steel 


By LEON C. BIBBER 


+Paper was presented at Fall Rivstins. A. W. S., Detroit, 

October 2nd to 6th, by Leon C. Bibber, Senior Welding 
Engineer, Bureau of Construction and Repair, Navy De- 
partment, Washington, D.C. 


l. Introduction 


N NAVAL ship construction, particularly on the 
lighter vessels, much of the hull below the 10-ft. 
waterline is galvanzied and most plating '/, in. 
thick and thinner, which is exposed to weather or water, 
is likewise protected. Accordingly, we are confronted 
with the problem of welding galvanized structural 
members. Only very seldom is it possible to galvanize 
assembled parts after welding. 
In order to study the welding of galvanized material, 
independent experiments were conducted by the Bureau 


of Construction and Repair at Washington, and by the 


Navy Yard at Brooklyn, N. Y. The experimental 
work, however, did not cover piping nor sheet metal; 
the thinnest member used was '/s in. thick. Of course, 
the results which will be shown later are applicable to 
galvanized steel, whether it be structural or piping. 

The problem of welding galvanized material is divided 
into three parts: 


(a) The effect of the welding on the galvanizing. 

(6) The effect of the galvanizing on the weld. 

(c) The physiological effect of the zinc fumes on the 
health of the welders. 


In this paper it is proposed to deal at some length with 
the first two aspects of the problem; the third is very 
important but the writer does not feel competent to 
give it the consideration it deserves. It is hoped that 
in the discussion some interesting information on this 
phase will be brought out. 


2. Objects of Tests 


The many objects of these tests were as follows: 


(a) To determine the plate thickness at which the 
galvanizing would be burned from the back as well as 
the weld side of the plate. 

(65) To determine the corrosion resistance of a 
galvanized plate after the galvanizing has been ap- 
parently burned off by the heat of welding. 

a” To ascertain the degree to which the zinc burns 
off 

(d)* To determine whether covered electrodes burn 
off the zinc coating to a greater extent than bare elec- 
trodes. 

(e) To determine whether multiple bead welding 
burns off the zinc to a proportionally greater extent than 
the single bead welding. 

(f) To determine the effect of the galvanizing on the 
porosity of the weld. 

(g) To determine the effect of the galvanizing on the 
strength of the weld. 

(kh) To determine the relative corrosion resistance of 
bare and covered electrode welds. 


(i) To determine the relative corrosion resistance of 
different sizes of welds, that is, single and multiple bead 
welds. 


3. Specimens 


(a) General description. 

Beads were deposited on a series of galvanized plates 
with thicknesses varying from '/s in. to '/: in. by bare 
and covered electrodes to determine the thickness at 
which the galvanizing burned off the back of the plate 
as well as the front. The details of these plates are 
given in Fig. 1 and the appearance of a typical plate 
after welding is shown in Fig. 2. 

Another series of galvanized plates had galvanized 
flat bars attached to them by various sizes of bare and 
covered electrode fillet welds. These welds simulated 
the attachment of transverse frames and bulkheads to 
shell and deck plates. In order to determine the effect 
of bad fitting the bars were held away from the plates 
so that under the salt spray the salt atmosphere could 
get in between the plate and the bar and show what, if 
any, corrosion was taking place there.. A detail of these 
specimens is shown in Fig. 3. The appearance of a 
typical finished specimen is shown in Fig. 4. The welds 
varied in size from */j. in. to 5/s in. 

A series of lap joint specimens was also made at 
Brooklyn on plate varying in thickness from '/, in. 
to '/. in. with single- and double-layer welds deposited 
with bare wire. 


(6) Material. 

The plates upon which the welds were deposited were 
medium steel. The electrodes were commercial bare 
and covered medium steel. No chemical or physical 
analyses were made on any of the base material in this 
test. All galvanizing was done by the hot-dip process 
and Navy specifications require that the coating shall 
weigh not less than 2 oz. per sq. ft., nor more than 
2?/; oz., and that the zinc shall be 98% pure. It will 
be shown later that the thicknesses of the coatings were 
much greater than this, however. 


(c) Welding. 
The details of the welding used on the bead-welded 
specimens are given in Table 1. The details of the 








Table 1—Details of Welding Beaded Specimens 
Where made: C.&R. welding shop, Navy Yard, Washington, D. C. 
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Fig. 1—Details of Bead-Welded Specimens 
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Fig. 3—Details of Fillet-Welded Specimens 


welding used on the fillet-welded specimens are too 
voluminous for inclusion here, and only the two extreme 
cases are shown in Table 2, namely, for '/s-in. and 
‘/,-in. plate. 

4. Apparatus 


The specimens were tested for corrosion resistance 
in a U. S. Navy standard salt spray bath. The details 
of the construction of this bath are given in Fig. 5, 
and the appearance of the bath with the specimens 
installed is shown in Fig. 6. The specimens were set 
in notches in wooden racks and not suspended as shown 
in Fig. 5. The spray generated by means of the atom- 
izers shown in Fig. 5 was composed of a 4% sea salt 
solution in these tests. A 20% sodium chloride solu- 
tion is now generally used, however. 


5. Effect of Welding on Galvanizing 


When a galvanized plate such as is shown in Fig. 2 
is welded, the plate surface becomes covered with srt 


GALV ANIZED 


uw 


STEEL 





and spattering, and white zinc fumes rise profusely. 
The zinc on the back of the plate also burns and the 
yellow flame can be watched as it follows the progress 
of the arc. The burning of the zinc on the reverse side 
is shown in Fig. 7. Here the heat of the arc 
great that the plate has also melted in one case. In 
Fig. 2 is shown the plate after the dirt had been care 
fully cleaned off with a wire brush. The extent to 


was so 


Fig. 2—Bead-Welded Specimens ' 
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Fig. 4—Fillet-Welded Specimens 
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Table 2—Details of Welding, Fillet-Welded Specimens 
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Fig. 5—Navy Standard Salt Spray Apparatus 


which the zinc has melted can be clearly seen due to the 
polish caused by the wire brushing on the unmelted 
zinc. The galvanized coating has been melted back 
for an inch or so in the case shown, but in some in- 
stances melting actually extended to the edge of the 
plate. It was found that wire brushing could not be 
started too soon or the brush would drag through zinc 
that was still soft. 

The series of beaded plates was made to determine at 
what thicknesses the coating on the reverse side would 
be melted. It will be noted from Table 1 that varying 
electrode sizes were used for varying thicknesses of 
plates. It will not be necessary to show the reverse side 
of all plates. The results of these tests are as follows: 

(a) Both bare and coated electrodes will melt the 
zinc on the reverse side of a plate */, in. thick. Ona 
plate '/. in. thick the reverse surface of the zinc assumed 
a somewhat dull appearance, but the characteristic 
melted appearance shown in Fig. 7 did not occur. 
One-half inch plate may, therefore, be considered as 
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Fig. 6—Specimens in Salt Spray before Closing Tank 


about the minimum thickness at which normal welding 
will not burn the zinc on the reverse side. This result 
was also corroborated on the multiple beaded fillet- 
welded specimens. 


(b) The covered electrode causes a greater burning 
off of the zinc, but not to the same degree as would be 
expected from the wattages in the arcs as shown in 
Table 1 due to the greater speed of the former. 

The extent to which the coating burned off of the 
thinner plate was somewhat surprising. It was not 
expected that the zinc would be melted to a distance of 
an inch or more from the toe of the weld, but this fact 


Fig. 7—Reverse Side of Bead-Welded Specimen Plate '/, In. Thick 





Fig. 8—Salt Spray Specimen from Burnt-Off Part after 1100 Hrs. in Spray 
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Fig. 10—“Burning Off” of Galvanized Coating from \4-In. Plate 


made it possible to conduct some interesting investi- 
gations on the burnt-off parts. 

A section about '/, in. x 2 in. was cut from the burnt- 
off zone about as shown in Fig. 2. The rough saw-cut 
edges were coated with bee’s wax to prevent rust from 
running down over the galvanized part, and then the 
specimen was subjected to the salt spray for 500 hrs. 

In order to give an idea of the efficacy of this method 
of testing it might be stated that 500 hrs. in the spray 
will cause a breakdown of one coat of paint, and 1100 
hrs. will cause a general breakdown of two coats. 

Photographs of salt spray specimens are not very 
satisfactory because the salt upon crystallizing turns 
white and obscures the view of the surface beneath. 
Observations can be made much better when the speci- 
mens are wet. 

In Fig. 8 is shown the section referred to above, after 
1100 hrs. in the spray. The white substance is the salt; 
the dark spot in the center was caused by rubbing the 
salt from that spot. Rust stains would show dark on 
such a picture. After 1100 hrs. in the spray there was 
no attack whatsoever on this specimen from which the 
zinc was apparently burned off. It should also be 
pointed out that this specimen was subjected to the 
spray by itself, that is, it received no protection from 
the anodic effect of any neighboring zinc. 

A specimen was then cut from the opposite side of the 
burnt-off portion as shown in Fig. 2. The amount of 
zine remaining was determined chemically, and the 


area of the specimen carefully measured. From the 
data thus obtained it was found that enough zine re- 
mained on this burnt-off specimen to coat both surfaces 
with a skin of zinc 0.0027 in. thick. 

The above calculation was made on the assumption 
that the galvanizing coating is pure zinc. This is not 
strictly true, but is accurate enough for purposes of 
comparison. 

In order to further verify the presence of appreciable 
quantities of zinc on plate from which the galvanizing 
has been apparently burned off, transverse specimens 
across the weld were polished and etched and the thick- 
ness of the coating measured with the micrometer attach- 
ment on the microscope. The results of these tests are 
shown graphically in Figs. 9 and 10. 

The two-ounce coating required by specification has 
a theoretical thickness of 0.0035 in. (calculated as above), 
and the 2*/;-oz. coating a theoretical thickness of 
0.0046 in. It will be seen from Figs. 9 and 10 that on 
the */,s-in. plate the average thickness of the unharmed 
coating is about 0.003 in., while for the '/s-in. plate 
the average thickness of the unharmed coating is some- 
what thicker, about 0.0055 in. It is probable that this 
greater thickness is due to the thicker plate not reaching 
in the bath the temperature attained by the thinner. 

It will be apparent from both figures that the coating 
may or may not be completely burned off at the toe of 
the weld. The areas in which the measured thickness 
of the coating was found to be zero were, however, very 
small. The coating increased rapidly in thickness to 
the point where the zinc was unharmed. So it can be 
seen that in the zone where the zinc has been melted 
there are still appreciable quantities of zinc. 

In general, the coating is burned off to a greater 
extent with the covered electrode and the zinc has been 
melted at a greater distance from the weld. This is 
about as might be expected. 

A photomicrographic study was also made of coating 
in way of the welding. 

In Fig. 11 is shown as photomicrograph of an un- 
harmed zinc coating. According to Finkeldey,* this 
coating is comprised of an upper layer of pure zinc which 
shows light colored in the photograph, and a lower 
layer of zinc-iron compounds which are the darker 
colored constituents next to the base metal. The 
formulae FeZn; and FeZn; have been assigned to differ- 
ent layers of this latter zone. These formulae are not 
believed to be exact, but they are sufficiently so for all 
practical purposes. 

In passing it is of general interest to note in Fig. 11 
the keying of the zinc coating to the steel. The pickling 
acid eats out pits and the zinc keys itself intothem. The 
existence of thousands of these keys explains why a 
zine coating adheres so tenaciously. 

In Figs. 12 and 13 are shown the coatings in the 
burnt-off portion. Save for a small amount of light- 
colored constituents in Fig. 13, all of the coating seems 
to have been transformed to zinc-iron alloy, or the pure 
zinc upper layer has been burned off and the zinc-iron 
compounds left behind. In the left-hand part of 
Fig. 12 it will be seen that the coating has been much 
reduced in thickness. 

In view of the above it is apparent that, even though 
the coating may have been melted for a considerable 
distance from the toe of the weld, there is only a very 
narrow zone at the toe in which no coating can be seen 
under the microscope. Whether this small area is 
protected by a coating too fine to be visible or whether 
the anodic effect of the adjacent zinc protects the 





* Metals & Alloys, Nov. 1931, p. 266. 
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‘bare’ area, is not known. Certain it is, however, 
that this ‘‘bare’’ area is not attacked as would be steel 
which had never been galvanized. 


6. Effect of Galvanizing on the Welding 


In Fig. 14 is shown one of the fillet-welded specimens 
after 1100 hrs. in the salt spray. As was stated pre- 
viously, photographs of salt spray specimens are far 
from satisfactory, but it can be seen in this view that 
the large multiple beaded fillets show dark rust stains, 
while the small single bead fillets show little or no rust- 
ing. The reason for this is, of course, the fact that in 
a small single bead weld a certain amount of the zinc 
fumes sublimates on the hot deposited metal and forms 
a protective coating or a compound. In a multiple 
beaded weld the amount of zinc to be volatilized is 
greatly reduced and the protection becomes progressively 
less and less. 

Analyses were made of the different sizes of fillet 
welds with the results shown in the following table: 


Zinc Content, % 





Size of Weld Bare Electrode Covered Electrode 
i/, 0.044 0.052 
3/\5 0.042 0.055 
1/, 0.042 0.058 
3/5 0.023 0.058 
1/4 0.018 0.063 
3/, 0.027 0.042 





In general, the covered electrode deposits show a slightly 
greater zinc content than those of the bare wire. This 
may be caused by the greater amount of zinc melted 
by the covered electrode. The large multiple beaded 
fillets also show a lesser zine content. The above 
analyses probably do not give a true indication of the 
amount of zinc actually in the metal itself because the 
chips milled from the welds would necessarily contain 
such zinc as was on the surface. In tests conducted 
at the Brooklyn Navy Yard no zinc was found in weld 
metal. 

It was not possible to decide from the salt spray 
specimens which was superior, as regards resistance to 
corrosion, the bare-wire deposits or the covered wire. 
Both seemed to show rust stains to about the same 
degree. 

It has been held that welding on galvanizing causes 
increased porosity in the deposit. In order to check 
this point the fillet-welded specimens were sawed through 
in such a manner that the throats of all the different 
sizes of fillets were exposed. These specimens were 
then boiled in acid. The results of this examination 
were not conclusive. The bare-wire deposits did not 
seem to be any more porous than bare-wire deposits on 
black steel, and the covered electrode welds were ap- 
parently perfectly normal. On the other hand, the 
tests at Brooklyn indicated greater porosity in single 
bead welds on galvanized material than would have 
been the case on black steel. It seems reasonable to 
expect slightly greater porosity due to the presence of 
fumes to cause pockets and inclusions. It will be seen 
in Fig. 14 that no corrosion has taken place in the 
burnt-off portion of the base metal at the toes of the 
welds. 

In Table 3 are given the results of tensile tests con- 
ducted at the Brooklyn Navy Yard on different thick- 
nesses of plating. The welds were all made with bare 
wire and the joints were all lapped. This type of joint 


Fig. 1l—Unharmed Zinc Coating at a Magnification of 100 Dia. 





Figs. 12 and 13—Microphotographs Showing Burnt-Off Portion of Zin 
Coating at a Magnification of 100 Dia. 
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Table 3—Results of a Welded Galvanized Lapped 
oints 


Single Layer Welds Two Layer Welds 
Plate Yield Ultimate Yield Ultimate 
Thick- Point, Strength, Point, Strength, 
ness, Specimen Lb./Sq. Lb./Sq. Lb./Sq.  Lb./Sq. 
In. Number In. In. In. In. 


1 34,560 50,180 38,540 55,780 

2 35,670 52,200 39,560 58,640 

1), 3 33,250 50,180 41,780 59,780 
4 31,140 49,340 40,850 59,180 

5 30,240 49,180 42,780 60,140 

Average 32,970 50,220 40,700 58,710 

1 35,670 50,140 43,450 58,740 

2 37,680 52,250 44,560 59,640 

3/, 3 40,720 53,340 41,850 57,450 
4 39,320 52,740 44,650 59,840 

5 41,240 54,850 45,820 60,160 

Average 38,930 52,660 44,070 59,170 

1 41,450 52,370 45,740 58,830 

2 44,560 55,680 42,380 55,750 

3 40,580 51,140 44,780 57,460 

1/, 4 42,460 53,450 43,420 56,540 
5 43,720 54,850 46,780 61,230 


Average 42,550 53,500 44620 57,960 











Fig. 14—Fillet-Welded Specimen after 1100 Hrs. in the Salt Spray 


gives about the worst possible welding conditions be- 
cause the zinc between the faying surfaces will also 
melt and fume into the weld. 

The strength values given are those of the base metal 
outside of the joint, and not those of the weld metal. 
The value of these tests is, therefore, largely relative. 

It will be seen that there is a loss in strength of some 
8 to 15% when welds are deposited in one layer instead 
of two. It is possible that the greater strength of the 
latter is due to the fact that the two-layer welds were 
bigger than the single layer one; it would not be at all 
difficult to vary the size to a greater extent than that in 
an unmachined weld. 

The strength developed by the two-layer welds is 
about what might be expected from bare-wire deposits. 


In view of the above it seems reasonable that there 
is a slight loss in strength in single layer welds on gal- 
vanized material, but very little loss in multiple layer 
fillets. If desired, the requirement could be enforced 
that all welds on galvanized material be made with 
multiple beads, but such welds are not as well protected 
against corrosion as are single bead fillets. In view of 
the fact that large factors of safety are used in welded 
design, it would seem better practice to accept a slight 
loss in strength to obtain better resistance to corrosion. 


7. Effect of Welding on Health of Welders 


In naval ship construction there is a great deal of 
welding that must be done down in inner bottoms and 
closed structural tanks of various kinds. Ordinary 
welding is often uncomfortable enough under these 
circumstances, but the welding in these spaces when 
galvanized presents a very serious problem. Welders 
breathing the zinc or zinc oxide fumes for relatively 
short periods contract what has been called ‘‘welders’ 
ague.”’ 

The best preventive devices are none too good; the 
ventilation of the compartment should be adequate, 
that is, large quantities of fresh air should be forced in 
continuously; the welder’s face and eyes should be pro- 
tected from the fumes by gas masks of various kinds. 
All protective devices are, however, hot and disagreeable 
to wear and the temptation to dispense with them is 
great. In spite of all efforts along the lines mentioned, 
the welding of galvanized steel, particularly in closed 
compartments, is still fraught with trouble. 


8. Summary 


(a) In plating '/, in. thick and thicker, normal 
welding on one side will not burn off the galvanizing 
on the other side. 

(6) The corrosion resistance of plating from which 
the galvanizing has been apparently burned off by the 
heat of welding, does not seem to have been lessened 
in any great degree. 

(c) The zine coating is completely burned off only 
along a very narrow zone at the toe of the weld; the 
zinc is melted at a considerable distance from the weld, 
but the protection of this melted zone is not impaired. 

(d) Covered electrodes burn off the zinc to a greater 
extent and to a greater distance from the weld than do 
bare electrodes, but only to a small degree. 

(e) Multiple bead welds burn off the zinc to a greater 
extent than do single bead welds, but only to a small 


degree. 

of) Galvanizing increases the porosity of the single 
bead deposits somewhat, but not to as great a degree 
as might be expected. The imcrease in porosity is 
negligible in multiple bead welds. 

te) Galvanizing decreases the strength of single 
bead deposits a small amount; the strength of multiple 
bead deposits seems to be little harmed. 

(h) There seems to be little difference in the corro- 
sion resistance of bare and covered electrode welds. 

(t) Small single bead fillets seem to have prac- 
tically as much resistance to corrosion as the original 
galvanized plate. Large multiple bead welds, however, 
are attacked readily. 

In view of the above it appears that the effect of 
the welding on the galvanizing can be considered neg- 
ligible, that the effect of the galvanizing on the welding 
is of little practical importance, but that the real problem 
in the welding of galvanized steel is the protection of 
the health of the welders. 
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Development 
and Application 
of Automatic 


Welding Controls 


By H. W. ROTH 


+Paper presented at Fall Meeting, A. W. S., Detroit, Oct. 
2nd to 6th, by H. W. Roth, President, Controloweld, Inc. 


Introduction 


EN years ago, the welding engineer who tried to 
preach the use of automatic controls for spot 
welding, the use of high voltage and short welding 
time or the use of synchronous controls for spot and 
seam welding did not find many followers even among 
the experts of his own trade. Today, an ever-increasing 
number of engineers and production men are convinced 
that the days of old-time welding are gone and that for 
production purposes the use of automatic welding con- 
trols is an indispensable necessity. 
There is, however, a certain want of clearness as to 
the proper way of using welding controls for the indi- 
vidual job. 
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Fig. 1—Controloweld Time—Differential Relay 





Fig. 2—Synchro-Spot- Welding Control 


Why Automatic Controls? 


Generally, the purpose of automatic welding controls, 
especially in spot welding, is to provide means for auto- 
matically disconnecting the welding current exactly at 
the moment when the proper welding heat has developed. 
Greater uniformity and dependability in spot welding, 
greater economy with regard to the amount of power 
consumption and welding time, considerable saving in 
electrode material and, last but not least, less metal 
finishing wherever a clean and smooth appearance of the 
spot weld is required; these are the most important 
improvements introduced by automatic welding controls. 
In addition to this, automatic controls paved the way to 
new developments in spot welding, to the design of 
simple and better full-automatic spot-welding equip- 
ment, especially for high production applications. 


History of Welding Controls 


For a clearer understanding of the details it may be 
useful to sketch a few lines regarding the historical de- 
velopment of automatic controls for spot welding and 
seam welding. A sketch of this kind, however, will be 
far from being complete, and therefore any contribution 
or discussion from any side will be highly welcome. 

The customary way of controlling the welding time has 
been the push-button control on hand-operated welders 
or the control by foot pedal on foot-operated welders. 
With both methods the result depends entirely upon the 
skill and the attention of the operator. The push- 
button control is superior to the ordinary foot-operated 
control as it presents the possibility of holding the elec- 
trode points under full pressure for a short while after 
the current is switched off. Then the surface of the 
metal is chilled and the weld is perfectly solid when the 
pressure is released. The ordinary foot-operated control 
opens the primary current only when the operator starts 
to release the pressure. Spot welds with large blue 
discoloration, frequently with burnt metal surface and 
poor ductility, are the result. An improved type of a 
foot-operated control is the so-called “‘trip-switch,” 
which is used as a standard equipment by many modern 
welders. This switch opens the welding circuit when the 
foot pedal reaches its lowest point, in other words, under 
the maximum pressure. If this type of control is used 
in the proper way, it guarantees a very good weld, pro- 
viding the operator is attentive enough to use uniform 
speed in operating the food pedal. In many plants, 
however, we can find spot welders equipped with this 
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Fig. 3—Synchro-Seam-Interruptor 


type of trip-switch, but either not adjusted in the proper 
way or only used as an ordinary switch. This lack of 
attention or knowledge is characteristic of so many cases 
and is mostly the cause of disappointment with the 
results of spot welding. 

The earliest type of full-automatic controls has been 
used for many years in connection with automatic motor- 
driven spot welders and is already mentioned in an early 
American Patent, issued to Hugo Heliberger in 1907. 
It is a cam-operated switch working on a straight timing 
principle, as the length of an adjustable cam and the 
revolutionary speed of the cam shaft directly determine 
the welding time. The results obtained with this type 
of control are satisfactory as long as the welding speed 
does not exceed approximately 250 spots per minute and 
as long as no scaly or rust-spotted metal has to be 
welded. We will refer later on to the limitation in speed 
and now discuss the question of welding scaly metal, 
which is of a limited importance in body welding but, 
nevertheless, of great interest for many branches of the 
sheet metal industries. 

Scale, as well as rust, is a non-conductor. Therefore, 
the comparatively low voltage of the secondary welding 
circuit mostly is not able to penetrate through the scale 
immediately after the welding circuit has been closed. 
Sometimes it takes a fraction of a second or even several 
seconds to start the welding current. In many cases a 
slight movement of the sheet metal between the welding 
points will help to remove the scale or rust and to start 
the weld. This time delay between the closing of the 
primary circuit and the actual start of the current in the 
secondary welding circuit makes it nearly impossible 
efficiently to use a straight timing control. The timing 
control may open the primary circuit before the weld 
has even started. 

To meet this condition several special controls have 
been developed. The oldest type is the maximum con- 
trol, patented in 1919 by Richard Mack. It is based on 
the following principle: In making a spot weld the 
welding current shows a slight increase at the moment of 
fusion between the sheets, due to the better and larger 
contact area. This increase in amperes, although it 
amounts only to between 5 and 15%, can be used to 
operate a maximum relay which, in turn, operates a 
magnetic switch to open the primary circuit. The 
applications of this principle, however, proved to be 





rather limited. First of all, the increase in amperes only 
takes place when the total welding time is long enough to 
allow a discrimination between the resistivity in the 
welding circuit at the start and at the finish of the weld. 
The shorter the total welding time, the less increase in 
current can be noticed at the end of the weld. Another 
difficulty is caused by the impact current. For using a 
short welding time and high welding current, the impact 
current may be higher than the final increase in amper- 
age, thus operating the relay too early. 

Striving to overcome these difficulties, the author in 
1923 developed a spot-welding control, known as current- 
timing control. As the name illustrates, this control 
depends on time and current. A timing relay is in- 
ductively connected to the welding circuit, either to the 
primary or to the secondary coil, and thus the timing is 
automatically corrected by the welding current. A 
momentary increase in current will cause the timing relay 
to work faster; a decrease of welding current will slow 
it down. Practically, the device multiplies time by 
current. As this product—time by current—determines 
the amount of power supplied to the weld, the relay will 
practically control the welding heat and automatically 
correct the time according to the conditions. 

Several hundreds of relays of this type have been in 
service since 1924 and have proved satisfactory for 
welding clean stock as well as scaly metal. The influ- 
ence of the impact current is practically eliminated 
through the inductive coupling as well as through the 
time delay. To a certain extent, the time current relay 
will also take care of the variations in thickness of the 
metal to be welded, as thicker metal has higher resistance, 
and therefore the welding current will be smaller, which, 
in turn, automatically lengthens the welding time. 

Another development along the line of spot-welding 
controls with automatic adjustment is the differential 
relay. Its basic principle is similar to the maximum 
relay, but with the improvement of self-adjustment 
through the introduction of a potential coil. Both the 
maximum coil, inductively connected to the welding 
current, and the potential coil, which is parallel to the 
secondary voltage, are balanced at the start of the weld. 
As soon as the weld takes place—tegardless of the thick- 
ness of the metal—the increasing current and, at the 
same time, the drop in voltage throw the relay out of 
balance and operate the primary switch. This principle 
makes it possible to weld clean or scaly metal as well as 
galvanized iron, zinc, tin or lead-coated metal. But it 





Fig. 4—Universal Control for Small Capacity 
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requires a rather careful first adjustment with regard to 
the individual machine. 

An improved and simplified automatic control along 
this line is shown in Fig. 1. It is a combination of a 
differential and timing relay and incorporates the 
advantages of both, at the same time avoiding the 
limitations of a straight timing device or a straight 
differential relay. Either one can be used separately, 
or both in combination. The control, therefore, is 
universal to a certain extent. None of the welding 
controls on the market are, however, one-hundred per 
cent universal as yet. The devices which we have 
described above may be satisfactory for certain applica- 
tions and under certain conditions, as pointed out, but 
other conditions called for different developments. To 
illustrate this we may refer again to spot welding of clean 
sheet metal. 





Fig. 5—Timing Relay 


Jn 1921 we made a great number of experiments to find 
the most favorable conditions as to welding time, welding 
pressure, shape of welding points and amount of current 
for various thicknesses of metal. We found out very 
soon that we were able to produce a practically invisible 
weld by using extremely short welding time, high ca- 
pacity welding transformers with high secondary voltage 
and rather high welding pressure. We tried to shorten 
the welding time more and more and now the problem of 
exactly controlling the welding time confronted us. 
We could not use a maximum relay on account of the 
conditions described above. We were compelled to use 
straight timing. But ordinary magnet switches would 
not do, as the time delay to close the switch was too long 
and too inexact. We, therefore, arranged two switches 
in series in the primary circuit. The first switch was 
normally open, the second switch normally closed and 
equipped with a fast-acting timing device. The first 
switch was used to start the weld and immediately 


afterward, with an extremely short time delay, the second 
switch opened the circuit and finished the weld. Weld- 
ing as short as one cycle or less made completely invisible 
welds, as the welding heat was developed between the 
sheets and did not have sufficient time to spread to the 
surface of the metal, which, in addition, was cooled by 
the welding points. For the same reason, we obtained 
better results than ever before in welding brass, alumi- 
num and other high conductivity metals or alloys. 
This process, which we called ‘‘instantaneous or momen- 
tary welding,’’ seemed to be very satisfactory and a 
number of machines, equipped with this kind of controls, 
are still in production for high-finish metal products. 

We noticed, however, that the results in welding were 
not quite uniform and, going more carefully into the 
matter, we found out—a well-known fact today—that 
the cycles of the welding current were to blame for the 
variations. When we closed our primary switch at the 
moment where the sine wave was on its high point, 
a heavier impact in the transformer would increase the 
amount of welding heat. Especially in welding high 
conductivity metal, this factor was important. 

In 1923 the author applied for a patent, issued in 1924, 
on the idea of using a synchronous control for weld- 
ing machines to overcome these difficulties.* Today, 
synchronous controls, either of the mechanical type or 
the tube type, are used wherever an exact amount of 
energy has to be supplied to the weld. This is done in 
spot welding stainless steel, aluminum brass, etc., and 
also in welding steel under certain conditions. In Fig. 2 
a mechanical type of a synchronous spot-welding control 
is shown. A synchronous motor drives a cam shaft 
through an automatic clutch, which is controlled by press 
button or other means. Three contacts are provided and 
operated by two individual cams. One contact is 
normally open, two are normally closed. When the 
clutch is engaged, the one cam will close the left contact 
and start the weld, while the second cam, after a certain 
time, opens the double contact to finish the weld. Thus, 
the welding time can be made extremely short, from six 
cycles to one-half cycle. The motor is adjustable to place 
the break point into the neutral line of the sine wave 
to avoid arcing. Forced by the ever-increasing use of 
stainless steels since 1926, we developed a similar control 
for seam welding. Wherever seam welding with inter- 
rupted current has been used, the old-style mechanical 
interruptor caused most severe difficulties through 
excessive arcing and through lack of uniformity in weld- 
ing. The synchronous interruptor brought about an 
important improvement. While several years ago it was 
claimed to be impossible to build a synchronous mechani- 
cal interruptor for practical application, we are able today 
to control 500 amperes with a speed of 15 interruptions 
per second without difficulties. 

Figure 3 shows a control of this type. The heavy cop- 
per contacts are water cooled and open '/3 in. only. 
The zero adjustment is completed in a very simple way, 
by turning the motor field. 

The adjustable cam of this interruptor allows placing 
the ‘“‘make”’ of the primary current into any point of the 
sine wave, while the ‘‘break’’ occurs practically in zero. 
This double adjustment makes it possible to select the 
most favorable induction curve for the individual job 
and the individual machine. 

Parallel with the development of synchronous me- 
chanical controls, several types of tube controls have 


* We call a synchronous welding control any type of control which sup- 
lies a predetermined number of cycles or part of a cycle to the welding trans 
ormer, working in synchronism with the sine wave of the welding current 

The practical development of this type of control, however, t several 
years. 
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been developed, with regard to which we refer to papers 
to be presented later on. 


Conclusion 


Overlooking the general field of spot welding and seam 
welding, the following conclusions may be drawn as to 
the application of welding controls: 


Ordinary Production Spot Welders 


1. Welding clean sheet metal of uniform thickness: 
a straight timing device is satisfactory. (As Fig. 1 in 
connection with foot-operated machines without magnet 
switch, or as Fig. 5 in connection with magnet switches.) 
2. Welding clean sheet metal with variations in 
thickness: a time current relay or a differential timing 
relay may be used in connection with a magnet switch. 
For a foot-operated welder without magnet switch, a 
universal type as shown in Fig. 4 is applicable. 
3. Welding scaly material: a time current control or 
differential timing control is necessary. 
4. Momentary welding.—On small capacity foot-op- 
erated welders, a normally closed control as Fig. 1 may be 


used in connection with a normally open foot-pedal switch. 
On portable welders and high capacity welders (above 
25 kva.), a synchronous control is necessary. Momen- 
tary welding should be used wherever invisible welds or 
welds of high finish are required, providing the capacity 
of the welding machine is large enough to use extremely 
short welding time. Furthermore, in welding stainless 
steel, aluminum and alloys, a momentary weld is neces- 
sary. In connection with portable welders, a momentary 
weld is useful to avoid heating of the cables. 

A general rule is this: Wherever the conditions allow 
it, use the shortest possible welding time to save metal 
finish, electrode material, current and time. But study 
the conditions before you decide which control to use. 
There is no ideal control on the market as yet, which 
would do everything under any condition. Even the 
best welding control will not be able to correct funda- 
mental mistakes with regard to the welding conditions. 
But wherever the right type of a welding machine is used, 
where the welding points are properly designed and made 
out of the right material and where the parts to be welded 
are in the right shape, a modern automatic welding control 
certainly will guarantee a uniform and satisfactory weld. 





Timing of Spot 
Welders with Respect 


to Current Flow 
By D. C. WRIGHT 


+Pa was ted at Fall Meeting, American Weld- 
ing ty, Detroit, Oct. 2nd to 6th, = D. C. Wright, 
Chief Engineer, The Electric Controller & Mfg. Co. 


T IS a well-known fact that, in order to secure uni- 
form and perfect welds when spot welding any 
material, it is necessary to have uniform temperature 

as well as proper temperature between the pieces welded. 

The welding temperature is produced by the B. t. u. 

put in the pieces between the electrodes. 

All electric circuits generate heat which can be ex- 

pressed by the formula: 


H = KI?RT where 

total heat units in B. t. u. 

a constant 

value of current in amperes 
resistance of the circuit in ohms 
time of current flow 


Sa 
oun 


When this formula is applied to the circuit between 
the electrodes of a spot welder, it seems apparent that 
the B. t. u. varies directly with the time, directly with 
the resistance and directly with the square of the cur- 
tent. However, J varies inversely with the resistance 
in an electric circuit, therefore, the B. t. u. vary directly 


with the current and time. This can be proved by the 
following example: assume 


5000 amperes 
0.05 ohms 
1 sec. 


sya" 
Hou Wl 


Then H = K X 5000? X 0.05 X 1 = K X 12,500 
Now assume the resistance has, for some reason, increased 
10%; then the current will have decreased 10%, and in 


order to get the same B. t. u. we must increase the time 
10% or 





H=K*x (Tay x (0.05 X 1.10) & (1 X 1.10) 
50002 
= KX T1102 xX 0.05 X 1 K 1.10? = K & 12,500. 


It is thus seen that in order to keep the B. t. u. con 
stant, it is necessary to keep the product of current and 
time constant. 

The resistance between the electrodes of a spot welder 
includes the contact resistance between the electrodes 
and the material, the electrical resistance of the pieces 
and the contact resistance between the pieces or plates 
themselves. The majority of spot welding is done on 
steel. The electrical resistance of steel is many times 
that of copper. The contact resistance of steel to steel 
is, therefore, much higher than of copper to steel and is 
higher than the resistance in the plates themselves; 
therefore, the most intense heat is generated between 
the plates, rather than in the plates or between plate 
and electrode. This is a fortunate condition as it puts 
the heat at the point desired and gives a relatively small 
amount of surface heat and consequent discoloration. 

If the electrical resistance between the electrodes was 
always the same on given pieces of material, we could ex- 
pect all welds to be perfect, if made on a given tap at 
fixed voltage and at fixed time. But, unfortunately, 
there are many variables in the resistance of the circuit 








14 JOURNAL OF THE AMERICAN WELDING SOCIETY 


December 





Fig. 1—Top and Bottom Views of Laminated Section of 2-6 Thick- 
nesses, Inclusive, Welded without Change in Adjustment 





Fig. 2—The Bottom Strip of 
a Perfect Weld at Each Point 


Laminated Section Removed, Showing 


which affect the current flow and consequently the 
welds produced. The contact resistance of the metal 
may vary over a wide range due to condition of the 
surface; a bright, clean surface will have lower contact 
resistance and pass more current than steel oxidized to 
any extent, tarnished or showing scale or rust. Changes 
in line voltage affect the voltage at the welder points. 
A drop in line voltage will require an increase in welding 
time to get the same uniform results. Line voltage is 
likely to vary over a wide range in a plant where a 
number of welders are connected to the same circuit. 

Condition of the electrode points will also affect the 
value of the welding current. After the points are 
dressed to a bright, clean surface, repeated use will 
oxidize the surface; pitting and roughening also occur 
with the result that the electrode points offer greater 
resistance to the flow of current, making it necessary to 
pass current for a longer time to get the same uniformity 
of welding. 

Variations in pressure on the electrodes cause varia- 
tion in contact resistance between electrodes, material and 
between the pieces of material. Too much pressure 
may reduce the contact resistance between the pieces to 
such a low amount that there will not be enough heat 
developed at this point to weld. Too light a pressure 
may cause burning and arcing at this point with resultant 
gas pockets formed. 

Variations in the thickness of the metal being welded, 
or an increase in the number of pieces of metal, introduces 
another variable by increasing the resistance to the flow 
of welding current, and also by increasing the mass of 
metal available for carrying heat away from the welding 
zone. It is, therefore, evident that increasing the 
thickness of metal between the electrode either by in- 
creasing the gage of metal or increasing the number of 
pieces, will require either an increase in welding current, 
if the operation is to be performed in the same time, or 
an increase in time if current settings are not disturbed. 

Present-day practice, as developed in high production 
plants, has speeded up spot welding operations by in- 
creasing the current and reducing the time so that 60 to 
90 or more welds per minute are not at all unusual. 
It is evident that with this speed of operation, the 
length of time the current is actually flowing is of short 


duration. It is difficult for an operator to maintain 
anything like accuracy of welding time when he is dealing 
in fractions of a second; a variation of a small part of a 
second may result in double the quantity of heat. 
Manually controlled machines are fatiguing on the 
operator, with the result that at the end of the day’s 
run, uniformity of welding time is likely to suffer. 

To overcome those variable conditions, our Auto- 
matic Weld Timer has recently been developed. This 
device is for use on spot welders, projection welders 
and butt welders. It does not give constant time, but 
automatically adjusts the welding time to compensate 
for all these varying conditions described above, and 
properly proportions the time to suit the exact require- 
ments for each weld that is made. Constant or definite 
time cannot be depended upon to give constant results 
under varying voltage or resistance conditions, and 
results either in too many B. t. u. or in not enough. 
Too many heat units give burned welds with bad in- 
dented and colored surface; not enough units give weak 
welds likely to pull apart. Burned welds require fre- 
quent dressing of the electrodes and consequent loss of 
time and production. Weak welds require more to be 
placed to give proper factor of safety. 

With automatic control of time with respect to cur- 
rent, bright cold-rolled steel or black hot-rolled steel can 
be welded with equal facility. Variations in thick- 
nesses, either in gage or in number of pieces up to con- 
siderable limits, require no change in adjustments. Oxidi- 
zation or burning of electrodes, even to bad condition, 
is compensated for by allowing more time. 

Figure 1 shows two, three, four, five and six strips of 
black hot-rolled steel welded with the same tap setting 
and without change in tiiae adjustment. The time auto- 
matically increased with the increase of thicknesses to 
give perfect welds, as shown in Fig. 2. 

Figure 3 shows a requirement in automobile body 
work, where the resistance between the electrodes varies 
to a considerable extent when welding the total length of 
seam A. Automatic Weld Timers are giving perfect 
welds without bad surface indentation under this 
varying resistance condition without change of adjust- 
ment. 

Figure 4 shows another condition in body work where 
either two or three pieces must be perfectly welded 
without taking time to change the time adjustment to 
accommodate for change in thickness. 
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In another case it is necessary to weld to a '/,-in. 
sheet, a piece of '/\s-in. and a piece of '/s-in. steel. This 
was done by two operators cn two different welding 
machines so as to save the time required for changing 
the time setting alternately for each piece. The work 
can be done with a single welder and an automatic timer 
without the operator being really conscious of the 
change of thickness of metal. This would save a con- 
siderable amount of time in handling the parts. 

The means used in the Automatic Weld Timer to se- 
cure time with respect to correct flow are simple and yet 
positive in action. They are subjected to very little 
deterioration or wear and should give extremely long 
life. They include a small current transformer, a 
simple double-wave rectifier tube, a condenser, an ad- 
justable resistor, two Neon glow tubes and two small 
relays. The transformer is connected in series with the 
primary of the welder. The secondary of the series 
transformer supplies A.C. voltage for the rectifier. 
The rectifier supplies D.C. voltage to the condenser in 
proportion to the A.C. current flowing in the welder. 
When the charge to the condenser has received a pre- 
determined voltage, it discharges through the Neon 
tubes in series with the coil of one of the relays, causing 
this relay to operate the second relay, which, in turn, 
opens the welder contractor. 

The dwell time of the welder contactor is, thus, pro- 
portional to the time taken to charge the condenser. 
This time is inversely proportional to the voltage ap- 
plied for charging, which is a direct function of the cur- 
rent flowing through the weld. If the welding current 
is low, the time is long; or if the current is high, the time 
is short. The transformer is so designed as to keep the 
product of current and time practically constant through- 
out the whole range of operation. It is advisable, how- 
ever, on low currents to make the time slightly longer 
than the true ratio, so as to compensate for conduction 
of heat away from the desired spot. This can be taken 
care of by proper transformer design. 

The small adjustable rheostat is connected in series 
with the condenser. Its setting depends upon the char- 
acter of the work being done, upon the welder trans- 
former tap chosen, upon the general thickness of material 
and upon the alloy of the material being welded. In 
order to insure the proper time setting of the rheostat, 
a few sample welds should first be made to determine the 
proper tap setting of the welder and the proper time 
setting for the work at hand. After these have been 
determined by careful examination and tearing apart of 
the welds, the tap and time setting can be left alone, 
even though large variations, such as have previously 
been mentioned, occur in the character of material or in 
the resistance of the circuit. 

The Automatic Weld Timer is shown in Fig. 5. All 
the parts, with the exception of the condenser, are 
mounted on the front of the panel. The cabinet is small 





Fig. 5—Automatic Weld Timer 
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and dust-proof and can be mounted on the welder or 
adjacent to the welder contractor. 

The timer uses a normally open-type push button, 
which is not furnished with the timer, but usually is a 
part of the welder. The scheme of connection makes it 
impossible for the welder to repeat except by repeated 
operations of the push button. 

The timer can be applied to manually operated, air- 
operated or hydraulically operated welders, where the 
timing is usually left up to the operator’s judgment. The 
air or hydraulic valves can be replaced by solenoid valves, 
making it impossible for the operator to stop the weld 
until the timer has given proper time for opening of the 
contractor and release of the electrodes. The timer can 
be applied to motor-driven welders, where the time is 
determined by the length of a cam contact. This cam 
contact can be used to start the Automatic Weld Timer, 
and lengthened so as to open only after the timer has 
operated. On comparatively light work with a small, 
fast welder contactor, up to 140 welds per minute can be 
obtained—each weld properly timed with respect to cur- 
rent flow. 

Since the transformer used in the timer is of the series 
type, its winding must bear some relation to the kv-a. 
rating of the welder. The transformers cover a con- 
siderable range, only four sizes being necessary to cover a 
primary current range of 25-500 amperes. Windings for 
smaller primary currents, even down to 5 amperes or 
less, are available, and for larger currents extra taps or 
extra series transformers for proper reduction of current 
can be used. 

Most welders operate on relatively short time and it has 
been found that a single size of condenser will cover 
most all of ordinary spot welding conditions. This size 
of condenser gives approximately 2 seconds maximum 
and 0.1 second minimum time. By doubling the capac- 
ity, the times are approximately doubled. 

Figure 6 shows a graph of time adjustment that can 
be obtained from one transformer having a current range 
of 150 to 500 amperes primary current. The maximum 
time at 150 amperes with all the rheostats in, is 2.4 
seconds. The minimum time is 0.12 seconds. Any 
time between these limits or between the maximum time 
curves and the minimum time curves shown on the 
graph can be secured by adjustment of the small rheostat. 








16 JOURNAL OF THE AMERICAN WELDING SOCIETY 


December 





Fig. 7—Oscillograph Showing Change in Time When Welding Same Thickness of Material on Different Welder Taps 
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Fig. 8—Oscillograph Showing Change in Time When Welding Varying Thicknesses of Material 


If the current exceeds 240 amperes, the secondary connec- 
tions on the small transformer are changed to the No. 2 
tap to secure the operating ranges shown by the curves to 
the right. 

Figure 7 shows curves taken by an oscillograph to show 
the change in time which occurs when welding the same 
kind of material on different welder transformer taps. 
The time automatically decreases for higher taps used. 
Any of these taps shown gives proper welding. The 
time setting of the rheostat was left fixed. 

Figure 8 is an oscillograph showing effect when welding 
different classes of material on the same welder trans- 
former tap with the time setting left fixed. The time auto- 
matically shortened itself when welding the thin material 
to give good welds without burning, although the time had 
been set for welding the thin material to the '/,-in. plate. 

Welding of stainless steel or aluminum is practically 
impossible where the control of the time and pressure is 
left up to the judgment of the operator. Stainless steel, 
having 8 to 12 times the electric resistance of ordinary 
steel, requires much less current to heat than ordinary 
steel. However, the outside surfaces must not be 
heated too much as carbide precipitates occur at high 
heat which destroys the stainless qualities. The time 
must be relatively short to prevent travel of the heat 
from the inside surfaces, where most of it is generated to 
the outside surfaces. These latter surfaces must not 
get red hot and, therefore, the operator has no visual 
indication as to when to turn off the heat. Contact 
pressure changes the contact resistance between the 
plates, even though the surfaces are bright and clean. 
Variations in voltage and electrode condition cause 
variation in current. Proper control of time with 
respect to current, independent of the operator, 
applies the same or more so here, as for ordinary steel. 

Aluminum has very low resistance compared to steel 


and, therefore, requires a relatively high amount of 
current to generate the proper welding heat units. In 
order to properly weld the aluminum, plates have to be 
melted at the point of contact and yet not softened too 
much at the outside or else the electrodes will imbed 
themselves. The time has to be relatively short to 
prevent conduction of heat to the surface. Melted 
aluminum shows no distinct color. The operator has 
no visual means to show when to open the circuit. 
For these reasons the time must be accurately con- 
trolled, independent of the operator, but dependent 
upon voltage, resistance and pressure variations. 

A summary of the advantages of controlled time are: 

1. An inexperienced operator, after the time has once 
been fixed by the superintendent, can always secure good 
welds. 

2. Since each weld has been properly timed, fewer welds 
are necessary for the required strength. This cuts down 
production costs and insures a more dependable product. 

3. There will be fewer rejections and reduction in 
inspection costs. 

4. Surface finishing costs can be reduced because of 
fewer surface burns or indentations. 

5. High speed with accuracy can be obtained. On 
high speed work a fraction of a second in time may mean 
double the quantity of heat units put in the weld. 

6. The fatiguing strains on the operator of manually 
controlled welders are reduced and the resulting in- 
accuracies are eliminated. 

7. Dressing of electrodes is less frequent. 

8. Elconite electrodes can be used to better advan- 
tage. The number of welds without dressing with this 
material is many times those secured from copper tips, 
provided they are not overheated by improperly con- 
trolled timing. .When overheated, they require dressing 
with consequent loss of the expensive material. 
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Discussion of Paper 
on “The Magnetic 
Characteristies of 


Deposited Metal” 


By DR. W. E. RUDER 


+The pa on “The Magnetic Characteristics of De- 
pa etal”’ was — by Prof. Wendell F. Hess, 
.Eng.. Rensselaer Polytechnic Institute, at the Fall 
M of the A. W. S., Detroit, October 2 to 6, 1933, and 
reg dg hed in the October issue of the pom ot of the 
A. W.S. Dr. Ruder is connected with the General Electric 
Company, Magnetic Section, Research Laboratory. 


S FAR as I know, the investigation which you have 
made is the first of its kind which has been pub- 
lished. We have made some similar tests in this 

laboratory, but nothing nearly as exhaustive as you 
have undertaken, mainly because we see no direct 
application for the information at present. When 
welds are used in magnetic structures, it is usually 
possible to put them where they will do little harm, 
even if they were very poor magnetically. It is common 
practice with some manufacturers to weld sheets end 
to end to aid in the punching and fabrication. In such 
cases, however, the weld area of the sheets that are 
apt to get into any particular piece of apparatus is so 
small as to be negligible. In the case of these thin 
sheets butt or line welding is always used. 

The results of magnetic tests are about what are to 


be expected. Magnetic properties are very sensitive 
to impurities, such as oxygen and nitrogen, and also 
to annealing treatment. The lower temperature anneal 
would do little more than relieve some of the strains 
which are set up by the rapid cooling in contact with the 
base metal. A true anneal, that is, above the AC; or 
upper critical point, would be necessary to segregate 
impurities, increase grain size and give the maximum 
benefit short of using a purifying anneal as in a hydrogen 
atmosphere. 

I do not believe it is correct to refer to your treatment 
in hydrogen as “hydrogenizing.’”’ The improvement 
due to annealing pure iron or silicon-iron alloys in 
hydrogen has been known for years and is a little differ- 
ent from the process which Cioffi discussed in some of 
his recent papers and which he refers to as ‘“‘hydro- 
genizing.”’ He believed that he had produced a different 
material by treatment in hydrogen at a temperature 
very close to the melting point, that is, around 1400 
1450° C. Some of us who have worked with hydrogen 
over a period of years feel it quite certain that all he 
really accomplished was an increased purification due 
to the very high temperature which he used. In addi- 
tion, the use of a little water vapor in the hydrogen adds 
to its efficiency in decarburizing with unalloyed iron 
but is apt to be quite harmful when metals, such as 
silicon and aluminum, having difficultly reducible oxides, 
are present. 

While hydrogen annealing the low impurity iron 
deposits, as well as those containing silicon, gives very 
much lower hysteresis losses and higher maximum 
permeability than those not so treated, these values 
are still from six to ten times the losses which have been 
obtained from iron or silicon-iron alloys which have not 
come through the arc. 


The paper makes available to the engineer a lot of 
data which would ordinarily be difficult to obtain and 
which should be a definite guide to any who are con- 
sidering the use of an appreciable weld section in a 
magnetic circuit. 





Precision Spot 
Welding with Tube- 
Controlled Contactors 


By CARROLL STANSBURY 


ant, war presented at Fall Mee , American Weld- 


jiety, troit, Oct. 2nd to 6th, Carroll Stans- 
o.. Research Engineer, Cutler-Hammer, Inc. 


ROBABLY the most important form of resistance 
welding machine, considering its very widespread 
use, is the ordinary spot welder. Forms of this 

machine have been made for a great many years and 
there are understood to be upward of 100,000 of such 
machines installed, a fair percentage of which are doubt- 
less in use at the present time. In its simplest form it 
involves merely a transformer, a pair of electrodes ar- 
ranged to be pressed together on the work by foot or hand 


levers and some form of electrical switch for commutating 
the current in the primary winding of the transformer. 
More elaborate forms include power operation of the 
electrode (by motor drive or hydraulic or air pressure), 
a magnetically operated contactor taking the place of the 
manually operated switch and, particularly in the motor- 
driven units, some form of automatic control of the dura- 
tion of the weld. 

In spite of the early recognition of the desirability of 
automatically timing the weld, with its obvious ad- 
vantages, probably the large majority of such machines in 
use today do not include such controls. Where the 
machine is motor driven as regards the movement of the 
electrode, the addition of such timing is a simple matter 
and has been very commonly used, but with the foot 
and hand-operated machines and also on hydraulic and 
air machines, no such simple and relatively satisfactory 
solution has until recently been available. This has been 
particularly true in the case of portable spot welding 
machines such as the so-called gun welders of both the 
hand- and pneumatically-operated types in use on auto- 
mobile body work. 

The need for a really suitable automatic timer has been 
accentuated within the past few years by the growing 
recognition of the production economies and improved 








18 JOURNAL OF THE AMERICAN WELDING SOCIETY 


December 





output made possible by the use of higher welding cur- 
rents and shorter time. This tendency has made manual 
control even less satisf than formerly, so that 
some form of automatic control has become practically 
obligatory. 

A variety of devices have been tried out in the past in 
an attempt to meet this need. Dashpots have been quite 
widely experimented with for this service but have not 
proved satisfactory. Current- or voltage-responsive 
relays depending on changes in the current or voltage 
values associated with the welds, or a combination of the 
two, appear to have only a limited applicability, being 
limited to those classes of work where the percentage 
change of these quantities can be counted on to be of 
sufficient magnitude to insure positive operation. 
Motor-driven timers, particularly of the synchronous 
type, appear to be reasonably successful but they are 
expensive, require considerable maintenance, are some- 
what inconvenient to adjust, and are, therefore, not ap- 
plicable to the great bulk of spot welders in service. 

Within the past four years two different forms of elec- 
trical timing have been applied to this problem with a 
success which seems to indicate that such timers are des- 
tined to dominate this field of control in the future. 
These two fundamental forms of electrical timing em- 
brace: 

1. Timers based on the time of building up or decay 
of magnetic flux in an iron core (electromagnetic). 

2. Timers based on the time of building up or decay 
of electric charge in a condenser (electrostatic). 

The writer and his associates have successfully applied 
both of the above principles to welding problems, but, 
generally speaking, have found the electrostatic method 
preferable because it lends itself to simpler apparatus 
which is more flexible in application, permits a much 
wider variation in timing and does not require delicate 
magnetic relays requiring expert adjustment. More- 
over, the electrostatic method is adaptable to the 
development of timers having a synchronous characteris- 
tic as brought out later in this paper. 

The original electrostatic timer in its simplest form for 
spot welding is shown in Fig. 1. It consists of a single 
thermionic tube of either vacuum or gaseous type, a 
condenser C which is normally kept charged to a definite 
value between timing operations, and adjustable re- 
sistor R through which the charge on the condenser dis- 
charges during a timing period. The pilot device is 
shown as a normally closed push-button, for which, of 
course, may be substituted a limit switch actuated by 
the movement of the mechanical linkage associated with 
the welding electrodes. 

In operation between timing periods the tube is conduc- 
tive so that the magnetic relay CR is kept energized, 
holding open its contacts and keeping the welding con- 
tactor de-energized. Operating the pilot switch results 
in de-energizing the coil of the CR relay, due to the 
resulting blocking action of the charge on condenser C 
on the tube, so that the contacts of relay CR close, 
energizing the welding contactor for a timing period 
depending on the time of dissipation of the charge on C 
through adjustable resistor R. 

Various improvements and refinements of this simple 
unit have followed, culminating in the commercial device 
shown in Fig. 2, a considerable number of which are in 
very successful commercial operation. This unit includes 
a grid-controlled mercury vapor tube. The transformer 
in the upper right-hand corner of the assembly supplies 
filament voltage to this tube and includes separate 
secondary windings for various other purposes involved 
in the control. The magnetic relay shown to the left of 
the tube has a set of main contacts for commutating the 


current of the welding contactor and a set of auxiliary 
contacts which function in the grid circuit of the tube. 
Below the magnetic relay is mounted the timing rheostat 
in front of which is a dial, which is arbitrarily calibrated 
from zero to 100 and has stamped thereon the approxi- 
mate maximum and minimum time available with the 
particular rheostat used. Back of the rheostat and dial 
plate is mounted the timing condenser. 

The typical circuit involved in the application of this 
device to a welder is shown in Fig. 3. It is merely neces- 
sary to connect the welding contactor coil in series with 
the terminals 1—2 on the timer, connect the pilot device to 
terminals 3-4 and run in a pair of supply lines L'-L? 
for energizing the timer. These latter lines preferably 
come from a lighting circuit to avoid the severe voltage 
fluctuations commonly encountered on power lines sup- 
plying a number of resistance welding machines. 

A development which is more recent than the timer of 
Fig. 2 is the somewhat simpler device shown in Fig. 4. 
This timer differs from that of Fig. 2 in that it uses an 
ordinary radio tube (type 50) in place of the more ex- 
pensive gaseous tube. This form of timer as at present 
developed is not quite as accurate as the mercury timer 
and its timing range ('/sth to 2 seconds) is not as great 
as that available with the former. On the other hand, 
its accuracy and timing range are entirely adequate for 
the majority of spot welding applications and its ad- 
vantages in simplicity and cheapness are obvious. The 
methods of application of this timer to a machine are the 
same as those followed with the gaseous tube timer of 
Fig. 2. 


Some Typical Installations 


Figure 5 shows schematically the method of application 
to an hydraulic or pneumatic welder. A welding opera- 
tion is initiated by the operation of the valve in the air or 
fluid supply line. After the electrodes have come to- 
gether and the proper pressure has built up, the pressure 
switch closes its contacts, initiating operation of the 
timer and closing the welding contactor for a definite 
period. This principle has been applied both to large 
stationary hydraulic machines and also to portable pneu- 
matic welders. 

Figure 6 shows a controller for a large hydraulic 
machine which very well exemplifies the flexibility of 
these methods of electric timing. In the center of 
the panel are three rheostat dials which may be 
independently adjusted. A weld is initiated by the 
operator by pressing one of three start buttons located 
at the welding electrodes. This gives the operator a 
choice of three different timing periods depending on the 
part of the work being welded. This controller also 
includes an electromagnetic timing arrangement which 
provides a definite period after the cutting off of the 
welding current before the hydraulic pressure is removed 
from the welding electrodes. This permits the welded 
material to solidify before the pressure is removed and is 
an essential feature in heavy work, particularly in pro- 
jection welding. 


Advantages of Automatic Timing of Welds 


Although the advantages to be derived from accurate 
control of the types described above are fairly well known, 
it will probably be worth while to summarize them briefly 
at this point. 

The assurance of all welds being uniform not only 
eliminates spoiled work but it has been found in a number 
of cases that it eliminates the additional expense of in- 
specting the work. There is also a saving in production 
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Fig. 2—Electronie Timer—Mercury Tube Type 


time as only enough time is consumed on each welding 
operation to obtain a satisfactory weld. Uniform welds 
reduce the cost of finishing each piece and prevent the 
occurrence of pieces which have to be rejected. There is 
also a saving in the fact that it is not necessary to weld as 
many spots as is the case if automatic timing is not pro- 
vided, and all the welds cannot be counted on as being 
good. Little or no skill on the part of the operator is 
necessary where the weld is automatically controlled. 

In comparing the electronic timer with other types of 
automatic timer, it will be seen that the adjustment is 
much more convenient and can be recorded as a stand- 
ard part of the set-up routine for a particular piece of 





Fig. 4—Electronic Timer—Vacuum Tube Type 





Fig. 7 


work. The electronic timer has no moving or wearing 
parts except the small armature of the magnetic relay, 
which will operate without attention for many millions 
of operations and can ultimately be replaced at small 
expense. Similar remarks apply to the relay contacts, 
which are also ultimately easily and inexpensively re 
placed. Although the tube of an electronic timer must 
be replaced periodically, it has been the uniform ex- 
perience that the cost of tube replacement is negligible 
in comparison with the production economies obtainable 
with the device. It should also be borne in mind that 
the inevitable course of development of tubes will be 
toward longer life and lower prices. 





Fig. 6—Panel for Welding Controller 


Methods of Checking Accuracy of Timing 


As an introduction to the question of accuracy of spot 
welding control, it will be well to discuss at this point the 
methods available for determining the degree of ac 
curacy existing in a given installation. The method 
most commonly used is by inspection or test of the result 
ing welds. Although, of course, such inspection says 
the last word with regard to whether the welding ap 
paratus is satisfactory or not, it involves other variables 
than time and at best is only a sort of qualitative measure 
of the accuracy of the timer as such. 

The best check, of course, is by the oscillograph, but 
this is somewhat cumbersome, expensive and not par 
ticularly well adapted to rapid checking up of the per 
formance of a number of installations in different loca 
tions. Cycle counters of the ratcheting and other types 
have an error in themselves of at least '/2 cycle and more 
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over are not adapted to recording the time of a number 
of periods coming in rapid succession. Timing can be 
quite accurately checked with a ballistic galvanometer 
but this also is not adapted to checking timing periods 
coming in rapid succession, and also requires a separate 
auxiliary contact on the timer being checked to close 
the circuit to the galvanometer, the said contact not 
necessarily being closed for exactly the same period as the 
timer contact being checked. 

We have, therefore, found that apart from occasional 
checks with the oscillograph where the expense is war- 
ranted, the most satisfactory checking means is a device 
which counts the half cycles by causing each voltage 
peak to puncture a moving sheet of treated paper. This 
device is made up in portable form and consists of a 
spring motor which drives a copper cylinder, upon which 
the treated paper is wrapped. It also includes a suitable 
step-up transformer, providing for a choice of primary 
voltages from 110 to 550 volts. 

This device has an inherent error of one-half cycle for 
the reason which is brought out graphically in Fig. 7. 
With this limitation, however, it is still sufficiently ac- 
curate to give a valuable check on most short-time weld- 
ing operations and is particularly valuable where the con- 
trol is of a synchronous type so that the set of waves being 
measured in each timing period is duplicated each time. 


Factors Governing Accuracy of Results 


The statement has been made in published discussions 
of spot welding control that the error involved in control 
by means of contactors is on the order of three cycles. 
Although this statement is doubtless correct in some in- 
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stances, it does not correspond to the performance ob- 
tained at the present time in a number of installations. 
Evidently, in any case where there 1s a variation of 3 
cycles in the timing, the percentage error on welding at 
timing less than about 10 cycles becomes very large, but 
it is entirely feasible to control contactors to a varia- 
tion in timing of only one-half cycle or less. 

An able analysis of the problem of accurate spot weld- 
ing control by a contactor is given in an article, ‘‘Resis- 
tance Welding of Aluminum and Its Alloys,’’ by D. I. 
Bohn and G. O. Hoglund, Welding Engineer, 1933. This 
article cites three principal reasons for inaccuracy with 
the usual installation: 

1. Error due to variation of the point in the A.C. 
cycle at which the contactor coil is energized (the article 
states that this alone causes variation in timing up to 
nearly one-half cycle). 

2. Error due to variation in the opening time of con- 
tactor coil circuit. If this circuit is opened at the in- 
stant of zero magnetic flux in the contactor magnet, the 
contactor drops with minimum delay, but if at the in- 
stant of maximum flux, the collapse of magnetic flux 
induces a current in the shading coil which may hold 
the magnet in for several half cycles. : 

3. Errors due to variation of the point of opening ol 
the main contacts of the contactor relative to the power 
wave. The article states that if this circuit is interrupted 
at the moment of maximum flux in the transformer core, 
there is an instantaneous heavy discharge of welding 
current due to this rapid flux collapse. This current 
was in some cases three times the r. m. s. value of the 
normal welding current. 
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In order to meet these difficulties recourse was had to a 
number of expedients for which reference should be 
made to the original article. 

It is evident from the first and second of the above 
items that if an electronic timer is to be suitable for very 
short time work it should have the property of both 
closing and opening the circuit to the welding contactor 
coil at a definite point in the cycle. It does not so much 
matter at what point this is; the exactness of repetition 
depends primarily on its being the same point in the wave 
each time. Further, the response of the welding con- 
tactor to the timer should be sufficiently fast and ac- 
curate so that it, in turn, can be made always to open its 
circuit at approximately a given point in the current or 
voltage wave. The question of a contactor which will 
respond in this way will be considered first. 

Figure 8 is from an oscillograph film taken of the 
timer of Fig. 4 in regular production on automobile 
body work. It shows a lag of about 2.5 cycles between 
the application of voltage on the contactor coil and the 
instance that the main contacts thereof touch. Simi- 
larly, there is a margin of about 2.0 cycles between the 
cutting off of current to the contactor coil and the open- 
ing of the main contact. The contactor used in this 
case is an ordinary standard type having an arc gap of 
about ,1/2 in. By detailed revisions of contactor design 
we were able to reduce the contactor closing time from 
2.5 cycles to less than 1.5, and the opening time from 2.0 
cycles to about 1.3. 

One of the principal factors establishing the amount 
of are gap provided in an A.C. contactor of conventional 
design is the rebound obtained when the contactor opens. 
The amount of arc gap must be sufficient so that this 
rebound is in no danger of causing the contact tips to 
touch a second time. In this special design of con- 
tactor for welding this problem is solved in a different 
way. Instead of permitting the bounce and using a 
wide are gap to make it harmless, the bounce is damped 
out by a snubbing device and a very small arc gap is used. 
This snubbing device consists of a special form of stop 
against which the tail piece of the contactor magnet 
falls when in the open position. This stop consists of a 
central piece held in compression between two friction 
surfaces by compression springs. When the contactor 
opens, the blow of the tail piece against this stop is 
sufficient so that the central piece moves back, allowing 
the main contacts to open to something like '/:-in. arc 
gap, while the return of the central piece of the stop is 
greatly retarded by the friction so that the contactor is 


brought back gently to the position of about '/s-in. arc 
gap. In addition to this feature, the welding con- 
tactor has improved bearings of very long life, extra 
heavy contacts and extra heavy contact pressure to 
assist in rapid opening. There is thus provided a con- 
tactor which can be counted upon to be sufficiently fast 
and accurate to respond accurately to the timer with 
which it is associated. 

The fact that the timer of Fig. 2 is able to handle this 
contactor to best advantage is shown by reference to 
Fig. 9. It will be noticed in this film that the circuit 
to the contactor coil is made and broken at the same 
points in the cycle each time, and similarly that the 
same thing is true with regard to the making and break- 
ing of circuit through the main contacts of the contactor. 

The fact that the contactor can be made to open re- 
peatedly at a definite point in the wave leads to the next 
step in the development on which we are engaged at 
present. This is to provide a phase-shifting device to 
provide power supply to the timer and to the contactor 
coil, so that the phase of operation of the contactor can 
be adjusted relative to the main welding current and 
voltage and so provide a simple and convenient means of 
adjusting the operation of the contactor so that it opens 
its contact for minimum are. In heavy work this should 
reduce the maintenance on the contactor sufficiently to 
warrant the investment in the phase shifting device. 

Objection will probably be raised to the above method 
that maintaining such synchronous operation of a con- 
tactor will involve delicate adjustments and highly 
skilled maintenance and is, in short, a laboratory rather 
than an industrial proposition. This, however, is not 
necessarily the case at all. The inherent action of the 
timer, regardless of adjustment, is to close and open its 
circuit at a definite point in the wave, because that is the 
unavoidable characteristic of the gaseous tube which 
forms the heart of the apparatus. Regardless of adjust- 
ment, therefore, the main contacts of the contactor are 
also going to open at a definite point with regard to the 
welding current and voltage. It is true that this point 
will shift from time to time with contact wear, but this shift 
will not necessarily be rapid, especially if contact burn- 
ing is kept to a minimum by periodical adjustment of the 
phase-shifting device so as to bring the contactor to 
operate at the point of minimum are. Such adjustment 
will require no particular skill as it will merely require 
watching the contactor in operation and turning the 
lever of the phase-shifting device until the smallest arc 
is obtained on successive operations. 
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Some Typical Accuracy Test Results 


Readers will doubtless be interested in some typical 
accuracy results obtained with the puncture tests as 
described above. Unfortunately this device has only 
been available for a short time, and our results in this 
line are not particularly comprehensive. 

Figure 10 shows a typical puncture test record made 
with the type of welding contactor described, controlled 
by a gaseous tube timer of slightly more elaborate type 
than that shown in Fig. 2. The repetition here is exact, 
both as regards number of cycles and point in cycle at 
which the contactor opens and closes. 

Figure 11 shows a typical puncture test made on a 
welder having a motor-driven contactor which com- 
pletes the welding circuit (no magnetic contactor used). 
The driving motor was not synchronous, and the same 
motor served to operate the electrodes. The record of 
timing obtained in a case like this is a sort of statistical 
proposition, and the results obtained on the sheet shown 
and others totaling 80 welds are given in the following 
table: 

Number of Welds at 


Period in Cycles Given Period 
5.0 12 
§.5 28 
6.0 29 
6.5 10 
7.0 1 


It will be seen that there is about an equal chance of 
getting 5.5 or 6.0 cycles, with a lesser chance of falling 
outside in either direction with 5.0 or 6.5 cycles. This is 
a machine selected at random and there is no definite 
assurance that the results are typical, although they are 
believed to be. Bearing in mind the error of '/2 cycle 


inherent in the puncture test method, and neglecting the 
single reading of 7.0 cycles, it is evident that the real tim- 
ing variation on this particular machine is 1.0 cycles at 
an average time of 5.75 cycles. (It is hoped that by the 
time of actual presentation of this paper, puncture test 
results will be available from a number of other mechani- 
cally driven machines, particularly those involving mag- 
netic contactors.) . 

Perfect repetition of timing like that illustrated in 
Figs. 9 and 10 involves somewhat more elaborate ap- 
paratus than is provided in the standard commercial 
devices like Figs. 2 and 4. These latter do allow a 
certain small error in timing and like many other en- 
gineering questions the choice between them and a more 
elaborate and accurate apparatus is a matter of economic 
balance. 

Figures 12 and 13 show typical puncture test records 
made with the timers of Figs. 2 and 4, respectively. 
As at present developed, the maximum variation of 
timing obtained with stock timers of this type is as given 
in the following table: 


Nominal Period, Maximum Variation, 
Cycles Cycles 
3 0.5 
12 1.0 
Conclusion 


It is hoped that the information given above will 
clarify the status of the use of magnetic contactors in spot 
welding, both in the older and less difficult fields typified 
by welding periods of '/, second or longer, and in the more 
recent and difficult developments involving the applica- 
tion of welding voltage for a period on the order for 
1/sth second and even less. 





Pressure Regulators 
and Regulation 
Problems 


By GEORGE M. DEMING* 


+Paper was ted at Fall Meeting, A. W. S., in De- 

troit, Oct. to 6th, by G. M. Deming, of the A tus, 

oy and Development Department, Air Reduction 
-, Ine. 


Fundamental Requirements 


HERE are five fundamental requirements for oxy- 

acetylene welding and cutting regulators: 

1. The pressure of the gas compressed in the cylin- 
ders must be reduced to a relatively low delivery pres- 
sure. 

2. The delivery pressure must be maintained at a 
fairly constant value independent of all disturbing in- 
fluences. 

3. Means must be provided to adjust the delivery 
pressure to any desired value. 

4. Maintenance must be reduced to a minimum. 

5. The regulator must be safe under all conditions 
of normal use and as fool-proof as possible. 


Manner of Operation 

Although details differ widely, virtually all pressure 
regulators embody certain fundamental principles, which 
may be appreciated by reference to Figs. 1 and2. Thus, 
all regulators contain some kind of a valve which may be 
set to throttle the flow of the gas, and in this manner 
fulfill the first requirement listed above. Whenever the 
delivery pressure of a regulator tends to fall for any reason 
whatsoever, a pressure-responsive element, such as a 
flexible diaphragm, opens the regulator valve slightly 
and thus permits an increased discharge of gas into the 
regulator. This results in a restoration of the pressure 
level of the gas being discharged from the regulator. 
In case of a tendency toward an excessive delivery pres- 
sure, the reverse process takes place. In this manner 
the second requirement is fulfilled. 

As illustrated by the typical constructions of Figs. | 
and 2, the delivery pressure may be adjusted by varying 
the stress of an “adjusting spring’ by means of an 
“adjusting-screw.”’ If the adjusting spring is under 
considerable compression, it will exert a relatively heavy 
thrust against the diaphragm and hence require a rela- 
tively high delivery pressure to hold the valve closed 
sufficiently to throttle the gas delivery so that the dis- 
charge from the cylinder into the regulator is no greater 
than the rate at which gas is being withdrawn from the 
regulator. On the other hand, if the adjusting spring be 
only slightly compressed, a relatively low delivery pres- 
sure will be the result. In this manner the third require- 
ment is fulfilled. 

Because of the hazards which would be involved if 
special precautions were not taken to prevent the escape 
of gas when a regulator is attached to a cylinder but not 
in use, pressure regulators are customarily equipped with 
a valve spring (the marginal spring of Fig. 1 or the com- 
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pensating spring of Fig. 2) which will urge the valve source of supply be compressed gas cylinders. If the 


closed when the stress of the adjusting spring has been 
completely relieved by releasing the adjusting-screw. 
This is one of the means by which the safety requirement 
is fulfilled. 

Other aspects of the safety question, as well as the 
means by which the minimum maintenance require- 
ment is met in successful and practical regulator 
designs, will be more clearly understood after a survey 
of the general theory of regulation as well as many of 
the practical problems involved. 


Classification 


With regard to structure it will be found convenient 
to classify oxyacetylene regulators as follows: 


1. Inverse pressure regulators (Fig. 1). 

2. Direct pressure regulators (Fig. 2). 

3. Compound or double reduction regulators in 
which two regulators are connected in series. 


An inverse pressure regulator is one in which the thrust 
of the high-pressure gas is in such a direction as to tend to 
close the seat against the nozzle (see Fig. 1). A direct 
pressure regulator may be defined as one in which the 
thrust of the high-pressure gas is in such a direction as to 
tend to force the seat away from the nozzle (see Fig. 2). 
In a compound regulator the two individual regulators of 
which it is composed may both be of the direct type, both 
of the inverse type, or one may be of one type and the 
other of the other type. Asa rule the two regulators are 
built into a compact unitary construction (see Fig. 8). 


Effect of Variations of Inlet Pressures 


Most pressure regulators are imperfect in that the 
delivery pressure undergoes a perceptible—and often 
a very undesirable—change as a result of normal varia- 
tions in inlet pressure. The inlet pressure, of course, 
slowly decreases as a result of cylinder drainage if the 


source of supply be an acetylene generator or if the 
regulator is being worked off of a feeder line small enough 
to involve a marked pressure drop, which is also supply- 
ing a highly variable load (i.e., such as welding and 
cutting torches), the inlet pressure may in some instances 
fluctuate enough to cause disturbances in the delivery 
pressures. The influence of the inlet pressure upon the 
delivery pressure may be understood by referring to 
Fig. 3, which is a schematic representation of a typical 
regulator including the disposition of the various forces 
which influence the regulating mechanism. At all times 
during the process of pressure regulation the thrust of the 
low-pressure gas against the effective area of the dia- 
phragm, as illustrated by the arrows, p, plus the thrust, 
f, of the compensating spring, must exactly balance the 
thrust of the high-pressure gas upon the regulator seat, as 
illustrated by the arrows, P, plus the thrust, F, of the ad- 
justing spring. Any decrease of the high-pressure reac- 
tion against the regulator seat will, therefore, at least tem- 
porarily upset this equilibrium of forces. Consequently 
the regulator seat will be urged toward the regulator 
nozzle, and the rate at which the gas discharges into the 
regulator will be diminished accordingly. The low 
pressure, p, will then diminish until the balance of forces 
is again restored. Similarly, referring to Fig. 1, it will 
be seen that in the case of an inverse pressure regu- 
lator a decrease of inlet pressure will likewise bring about 
an unfavorable deviation in delivery pressure, but in 
this case the delivery pressure will rise instead of fall be- 
cause the thrust of the high-pressure gas upon the mov- 
able element is in the same direction as the low-pressure 
gas reaction. 


Dimensional Effects 


In view of the relationships just described, reference to 
Fig. 3 should make it evident that the detrimental effect 
of a varying inlet pressure is less the greater the ratio 
of the diaphragm area to the cross-sectional area of the 
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Fig. 3 


nozzle discharge port. That is, the quality of regulation 
is improved the larger the diaphragm or the smaller the 
nozzle. But there is a decided limit to the extent to 
which a designer may make use of enlargement of the di- 
ameter of the diaphragm without creating a regulator 
which is too heavy and bulky. An increased diaphragm 
diameter forces an increase in the size of many other 
parts, so that the weight of the regulator increases almost 
as the cube of the diaphragm diameter. 

There is also a rather definite limit to which the di- 
ameter of the nozzle orifice may be reduced, for the nozzle 
must be large enough to handle the maximum volume of 
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gas which it will be called upon to discharge, and do so 
without giving rise to an excessive pressure drop. 


Regulation End-Point 


The disadvantage of using an excessively small nozzle 
is most apparent when the regulator inlet pressure is 
very low. When the inlet pressure is very high as when a 
full cylinder is in use, the density of the gas discharging 
from the nozzle is relatively great and, hence, the dis- 
charge capacity of the nozzle is considerably greater than 
it is at low cylinder pressures. This simply means that 
the regulator can handle a much greater load at higher 
cylinder pressures than it can when the cylinder pressure 
is rather low. It must be obvious that for any given 
load, that is, for any given volume rate of discharge, 
there must come a time during the progressive drainage 
of the cylinder when the pressure drop through the regu- 
lator nozzle has increased so much that with any further 
decrease of cylinder pressure it will not be possible for 
the nozzle to discharge the gas rapidly enough to main- 
tain the delivery pressure. In other words, for any given 
outflow there is a cylinder pressure below which the 
regulator will not function as a pressure regulating de- 
vice. This is conveniently referred to as the “regula- 
tion end-point’’ for the particular rate of flow involved. 
The regulation end-point for the maximum rate of flow 
for which the regulator is designed is hereinafter desig- 
nated as the regulation end-point of the regulator, al- 
though it must be clearly recognized that for more normal 
demands than the maximum the actual regulation end- 
point would be much lower than the specified value. 
In many regulators, particularly in the better types of 
double-reduction regulators as well as for most cutting 
regulators, the regulation end-point is determined to 
some extent by the operating pressure which is being 
used. Hence, where the regulation end-point of a regu- 
lator is given, unless otherwise stated, it should be as- 
sumed that the value is for the maximum delivery pres- 
sure for which the regulator is designed. 

The regulation end-point of a regulator is one of the 
most important measures of performance because it indi- 
cates whether the regulator is economical to operate. 
A regulator with a high regulation end-point is a regulator 
which will leave much unused gas in the cylinder when 
it finally becomes necessary to remove the regulator from 
the cylinder. 
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Region of Low-Pressure Regulation 


At an inlet or cylinder pressure above the regulation 
end-point but at relatively low cylinder pressure, the 
regulating characteristics of the regulator may depart 
considerably from what they are at the very high cylin- 
der pressures. This lower cylinder pressure region will 
hereafter be designated as the “region of low-pressure 
regulation,” and the upper region will be designated as 
the “region of high-pressure regulation.”” Now the 
region of high-pressure regulation is a region in which the 
cylinder pressure effect upon regulation, as previously 
described, is ordinarily the most important detrimental 
influence to be considered. In the region of low-pressure 
regulation, however, the phenomena involved become 
more complicated, chiefly as a result of the growth of 
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specific volume of the gas with decreasing cylinder pres- 
sure, or more directly because of the concomitant in- 
creasing seat displacement. In general, the increasing 
seat displacement results in an inward movement of the 
diaphragm and, therefore, in a loss of stress in the adjust- 
ing spring. The over-all effect is that the delivery pres- 
sure decreases accordingly (see Figs. 4 and 10). 

Without going into detail it seems well to point out 
that for heavy outflows and particularly for regulators 
with stiff springs or metal diaphragms, the deviation from 
correct pressure regulation may be so serious in this 
region of low-pressure regulation as to very seriously 
limit the usefulness of the regulator. 


Comparison of the Direct Pressure and the Inverse 
Pressure Regulator Types 


By reference to Fig. 4 it will be seen that in the region 
of low-pressure regulation the regulation errors, resulting 
from increasing seat displacements, and the high-pressure 
regulation errors, resulting from degradation of inlet 
pressure, tend to compensate each other. In a direct- 
pressure regulator the two errors are additive. To this 
extent the indirect-pressure design is superior to the 
direct-pressure design. In practice, however, this ad- 
vantage is usually negligible, provided both the regulators 
are properly designed. This is because the delivery 
pressure decreases more and more rapidly with falling 
cylinder pressure or with increasing rates of flow, so 
that if the two types of errors are fully compensative 
under one condition, they are very far out of balance at 
nearly every other condition of practical application. 

On the other hand, it will be found that if both types 
of regulators are designed for maximum attainable regu- 
lating efficiency, the direct type will in general be found 
to give much more satisfactory regulation than the in- 
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direct type. (The one important exception is that of 
line regulators to be discussed in later paragraphs.) The 
reason for this condition is to be found in a considera- 
tion of the practical effect of taking up some of the space 
within the discharge port in the nozzle (or equivalent 
element) for the thrust pin which is used in the inverse 
type of construction. If the regulation end-point is to 
be the same in the two different types of regulators, the 
discharge cross-sectional area of the two types of nozzles 
must be maintained approximately equal by enlarging the 
nozzle of the inverse pressure type of regulator in order 
to accommodate the thrust pin. But the increased area 
of the seat or movable element thereby subjected to the 
thrust of the high-pressure gas necessarily involves more 
serious deviations of delivery pressure in the very im- 
portant region of high-pressure regulation. 


Seat Recovery 


For very low out-flows the regulating characteristics of 
many commercial regulators are frequently very poor. 
This is apparently largely owing to the fact that it has 
not been clearly recognized that for lead-burning and 
light welding regulators it is not purely a question of 
employing small nozzles. Many of these regulators 
make use of types of seat material whose plastic proper- 
ties are so pronounced that the material continues to 
change its shape long after a load has been applied to it 
or removed from it. When a regulator is not in use and 
its adjusting screw is released, the seat is forced against 
the nozzle by means of the compensating or marginal 
spring. With many typical seat materials the stress 
at the point of engagement between the seat and the 
nozzle is so great that the seat material in this region 
yields somewhat, leaving a more or less permanent im- 
pression of the nozzle lip in the surface of the seat. If, 
after the seat has thus accommodated itself to the pres- 
sure of the nozzle lip, the regulator is placed in service 
the seat material, having been relieved of this pressure, 
will at once begin to regain its original shape. The 
recovery is very rapid at first but becomes slower as re- 
covery progresses. The result is a partial throttling of 
the gas discharging from the regulator nozzle. This 
throttling, of course, is very prominent at first but be- 
comes less so with the lapse of time. For the very low 
rate of flow covered by Fig. 5, the pernicious effect of seat 
recovery upon regulation may be readily detected as 
much as an hour after the regulator has been placed in 
service. Hygroscopic material, such as indurated fiber or 
casein products, is much worse so far as seat recovery 
effects are concerned than hard rubber, if the gas con- 
tains appreciable quantities of moisture. 





Fig. 7 





Fig. 8 


It is interesting to note that for light out-flows the seat 
recovery is frequently many times the magnitude of the 
seat displacement. Thus, for the lighter welding out- 
flows, the seat displacement rarely exceeds a few hundred 
thousandths of an inch at upper cylinder pressures, 
whereas even a non-hygroscopic seat material may re- 
cover several ten-thousandths of an inch. The seat will 
merely continue to recede from the nozzle keeping ap- 
proximate pace with the recovery of the seat material. 
But this movement results in decreasing the compression 
of the adjusting spring so that the delivery pressure of the 
regulator falls. A worth-while observation in this con- 
nection is that if the regulator nozzle is too large, the seat 
displacement for a given out-flow will be less than if a 
smaller nozzle is used. Consequently there is much to 
be gained by employing a regulator proportioned for the 
service intended. 

Although seat-recovery phenomena are most severe 
with low out-flows, they are prominent enough even in 
the case of moderately heavy welding outflows to be de- 
cidedly troublesome during the first few minutes of 
operation if improper seat materials are employed. 

Curve III of Fig. 5 illustrates the performance of the 
regulator of Fig. 6. Much of the superiority of the low- 
out-flow regulation of this regulator is due to the selection 
of a non-hygroscopic seat material of very low recovery 
characteristics. 


Precooling 


The fundamental regulation characteristics of a regu- 
lator, such as described in the preceding sections of this 
article, are often profoundly modified by certain dis- 
turbing influences among the most important of which is 
precooling. High-pressure gases expanding from a regu- 
lator nozzle give rise to considerable refrigeration effects 
so that the gas approaching the nozzle is precooled by 
chilled walls of the high-pressure passage in the regulator 
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body. Hence, minute droplets of condensate are precipi- 
tated on the walls of the inlet passage and are then swept 
into the regulator nozzle. 

If the atmospheric temperature be less than forty or 
fifty degrees Fahrenheit, the precooling may be sufficient 
to freeze particles of water which have precipitated on 
the cold walls of the approach passage to the nozzle. 
Such freezing, even when the amount of water vapor 
originally contained in the gas is rather small, may 
readily obstruct the nozzle discharge so effectively that 
the delivery pressure will abruptly fall. With falling 
delivery pressure the regulator diaphragm will move in- 
wardly and the seat displacement will accordingly in- 
crease. Soon the seat displacement becomes great 
enough to permit the small crystals of ice to be violently 
discharged from the nozzle. There then follows a 
suddenly increased rate of discharge of gas from the 
nozzle, which is only stopped by the seat when the pres- 
sure reaches an excessive value. The result is repeated 
with usually severe disturbances of the delivery pressure. 

But the seriousness of precooling phenomena is not 
confined to those cases in which the atmospheric tem- 
perature is as low as the forty or fifty degrees mentioned 
above. For even at the higher summer temperatures 
the precooling may be great enough where heavy flows are 
involved to precipitate moisture in the approach passages 
to the regulator nozzle. When it is considered that the 
normal displacement of a regulator seat from the nozzle 
at full cylinder pressure is, in the average welding regu- 
lator, usually a mattér of only a few hundred thousandths 
and rarely over a few ten thousandths of an inch, it will 
be appreciated how effectually a single drop of water will 
block the discharge from the regulator nozzle. Conse- 
quently, even at moderate atmospheric temperatures, 
precooling may give rise to severe disturbances in the 


delivery pressure, although these will, of course, not be 
as severe as where actual freezing is present. 

A satisfactory solution is to employ a compound regu- 
lator. Although the first stage of pressure reduction of 
such a regulator may develop some pressure fluctuations 
in cold weather, the second stage will practically eliminate 
such fluctuations from reaching the delivery hose. There 
are several reasons for this. One is that on account of 
the decreased density of the gas discharging into the sec- 
ond stage of the regulator the seat displacement for the 
second stage is much greater than for the first stage. 
The increased displacement permits small quantities of 
condensate to be readily discharged. Where a double 
reduction regulator is not available, the following pre- 
cautions should prove helpful in minimizing precooling 
troubles. First, do not withdraw cylinders from a warm 
room and attempt to use them at once out-of-doors in 
a cold atmosphere. Until thoroughly chilled, the gas 
in the cylinders may contain traces of moisture or 
other condensates, but nevertheless enough to dis- 
turb the process of pressure regulation. Secondly, 
operate the regulators at as high a delivery pressure as 
practicable and throttle at the torch for the desired rate 
of delivery. Third, do not make use of regulators with 
excessively large nozzles, for on account of the very 
small seat displacements necessary with such regulators 
to discharge gas at any given rate, the space between the 
nozzle and the seat is more likely to become obstructed 
than with smaller nozzles. 


Friction 


Frictional disturbances are generally made evident by 
a considerable deviation of the regulation in the low 
pressure region from theoretical performance and by sud- 
den pressure readjustments in this region. Any attempt 
to reduce friction in a regulator to a minimum by 
various mechanical artifices always results in another 
type of trouble which is variously known as ‘“‘singing,”’ 
“humming”’ or “chattering,’’ according to its severity. 
An investigation of this phenomena indicates that there 
is a natural tendency toward instability in the movements 
of the regulator seat and that if vibration of the moving 
parts in the regulator is to be prevented some damping 
means are necessary. Friction ordinarily supplies the 
necessary damping forces. The precise mechanism of 
seat vibration in inadequately damped regulators appears 
to involve a suddenly increased high pressure gas thrust 
against the regulator seat in the region of the nozzle lip 
impression on the face of the seat when the seat is urged 
to a greater displacement by changes of gas pressure 
reaction against the regulator diaphragm. The in- 
creased thrust drives the seat yet further away from the 
nozzle and results in such an excessive discharge from 
the nozzle that the gas pressure beneath the diaphragm 
increases sufficiently to return the seat again to the 
nozzle with considerable force. It does not appear 
necessary to go into further detail concerning seat re- 
bound, resonance conditions, etc. It is sufficient to 
note that unless there is a certain amount of damping the 
movements of the seat may become so unstable as to 
result in very rapidly repeated movements of the seat 
toward and away from the nozzle, which are not only 
troublesome because of the noise involved, but which may 
also shorten the life of the seat if too severe and if al 
lowed to continue too long. In the ideal regulator there 
should be no more than just enough friction to damp the 
seat movements during regulation of the heaviest flow 
which the regulator is designed to handle. 

In studying the problem of damping it has been found 
that damping in typical regulators of the type illustrated 
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by Figs. 1 and 2 is of a very haphazard character. It 
arises from the lateral distortion or buckling of the heli- 
cal springs when under compression. If the adjusting 
spring and the compensating spring, for instance, are 
distorted in such a manner as to both urge the seat-carry- 
ing means in the same lateral direction, then damping will 
be at a maximum, but if the lateral forces arising from 
these springs are opposed, then damping will be at a 
minimum. In the regulator illustrated by Figs. 6 and 7, 
a highly satisfactory damping means has been developed 
which is uniform for all manufacturing assemblies, in 
which a crescent-shaped stamping of sheet spring steel 
(the compensating spring) bears on a valve-actuating 
lever in a region intermediate between the projected 
center line of the nozzle and the two ball fulcrums on 
which the lever rocks. Thus, a very definite portion of 
the compensating force is utilized to effect damping at the 
lever fulcrums. The high quality performance of this 
regulator is due in no small measure to this feature. 


Line Regulators 


Regulators, which are used on individual outlets of 
a distributing line from a manifold or an acetylene 
generator, are in many important respects considerably 
different than the regulators which operate directly from 
compressed gas cylinders, owing to the much lower inlet 
pressures which are ordinarily involved. One conse- 
quence of the lower inlet pressures is that less damping is 
required than in cylinder regulators. Moreover, fric- 
tional errors are usually more serious in line regulators 
than with cylinder regulators, so that it is quite essential 
that less damping be employed in these regulators than 
in cylinder regulators. This is particularly true of acety- 
lene line regulators. These must operate on very low 
inlet pressures, the maximum pressure permitted by the 
Board of Fire Underwriters being 15 Ib. per sq. in. 

Another result of the relatively low inlet pressures 
utilized for line regulators is that the direct pressure de- 
sign does not possess the marked advantage over the in- 
verse design that it does in the case of cylinder regulators. 
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In fact, in the case of acetylene line regulators the ad- 
vantage appears to be in favor of the inverse type. 
This is chiefly because in the case of a cylinder regulator 
the inlet pressures are usually very high, but in the case 
of an acetylene line regulator the inlet pressure is so low 
that seat movements with varying inlet pressure are 
very pronounced. 

The question of excessively high regulation end-point 
has not usually proved so important in the case of oxy- 
gen line regulators as it has in the case of acetylene line 
regulators. This again is because with acetylene line 
regulators the line pressure is low. It is essential 
that the regulation end-point for the maximum out-flow, 
which the acetylene line regulator must handle, be 
lower than the line pressure. Otherwise the regulator 
cannot function as a means for regulating pressure. 
The problem becomes more complicated in the case of 
the acetylene line regulator than in the case of cylinder 
regulators. For the former there is a very prominent 
deleterious effect of delivery pressure upon the discharge 
capacity of the regulator nozzle when the inlet pressure 
is very low. Because of this it is more convenient when 
considering heavy out-flows to think of the capacity of 
an acetylene line regulator as limited by insufficiency of 
maximum practicable operating pressure rather than by 
excessive regulation end-point in the usual sense. The 
regulator may, for example, be practically worthless as 
a pressure regulator for heavy welding out-flows if the 
generator and line pressure are as low as 11 or 12 Ib. per 
sq. in. and the acetylene pressure required by the particu- 
lar torch and largest tip is as high as 8 or 10 lb. In this 
sense, therefore, regulation end-point is especially im- 
portant for acetylene line regulators. 


Double-Reduction Regulators 


The first stage of a double-reduction regulator should 
obviously involve the principles of design applicable to 
cylinder regulators. The second stage, on the other 
hand, should be designed according to principles appli- 
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cable to line regulators. Consequently the direct pres- 
sure type of regulator is most suitable for the first stage 
and the inverse type is most suitable for the second 
stage. Of course, inasmuch as the delivery pressure of 
the first stage is mot necessarily adjustable and re- 
mains at a fixed level, it is possible accurately to design 
the second stage to work on the definite pressure deliv- 
ered by the first stage. The result is a much more satis- 
factory and efficient arrangement than is obtained where 
two regulators are connected in series and the adjustment 
of the first regulator left to the discretion of the opera- 
tor. 

Figures 8 and 9 illustrate a double-reduction regulator 
which utilizes the previously described mechanism shown 
in Figs. 5 and 6 for its first stage and which utilizes an in- 
verse pressure regulator for its second stage. Inciden- 
tally, this regulator is of exceptionally rugged construc- 
tion as well as being of very compact design. It is ex- 
traordinarily precise in its regulation characteristics and 
its regulation end-point is unusually low (see Fig. 10). 
Its ability to withstand severe weather conditions is well 
illustrated by Fig. 11. 


Static Increment 


Closely allied with the theory of pressure regulation 
is that of static increment. By this is meant the amount 
by which the delivery pressure of a regulator in satis- 
factory working condition rises whenever the discharge 
from the regulator is blocked. This is obviously the 
pressure rise which is necessary in order that the regu- 
lator seat may be pressed against the regulator nozzle 
with sufficient force to stop the discharge of the high- 
pressure gas. 

The question of static increment is important because, 
for one thing, at very low rates of flow the regulator seat 
may not be displaced from the nozzle; the valve may per- 
mit of a sufficient discharge simply by virtue of the ability 
of the gas to seep between the seat and the nozzle while 
the two are in actual engagement at most points. Under 
these conditions it will be found that a regulator with 
a large static increment is one that is very unsatisfactory 
in its ability to regulate the delivery pressure for small 
out-flows. In order to seal a nozzle hermetically against 
further discharge the seat must be urged against the 
nozzle lip with sufficient force to stress the seat material 
in contact to a pressure which is at least as high as the 
pressure of the high-pressure gas. Otherwise the gas will 
seep through. In practice it has been found that owing 
to such factors as non-homogeneity of the seat material a 





considerably higher pressure is required. Thus, it is 
often found that for service with gases at 2000 Ib. per sq. 
in., the seat material must be stressed to a value higher 
than 3000 Ib. per sq. in. in the region of the nozzle lip. 
If the compressive modulus of elasticity of the seat ma 
terial is very low, then the seat movement necessary to 
realize this stress may be so great as to involve a con 
siderable increase in the stress of the adjusting spring. 
Such an increase will, of course, only add to the static 
increment. On the other hand, a seat material with a 
very high modulus may be so hard as not to readily con 
form to the shape of the nozzle lip nor to care for dirt or 
foreign material which may sometimes be present 
Creep 

If the regulator is not in satisfactory working condition, 
there may be added to the static increment a further pres 
sure increase, which, in comparison, develops rather 
slowly. This is usually known as “‘creep.’’ It may re 
sult from an imperfect design of the seat-carrying means, 
the presence of dirt, scale, or other foreign material, or 
from the use of faulty seat material. 

It is, of course, essential in a regulator for compressed 
gases that the seat shall squarely and accurately engage 
the nozzle lip if it is to be effective in hermetically closing 
the nozzle without the application of an excessive force. 
Ordinary machining and assembling manufacturing toler 
ances are usually insufficient to guarantee a square 
closure of the seat against the nozzle. It is, therefore, 
desirable in most designs to provide some special means 
for “seat accommodation” that will allow the seat to 
accommodate reasonable manufacturing variations 

In addition, for best results, it is necessary to ensur« 
what, for the want of a better term, will be referred to as 
“seat alignment.’’ That is, it is necessary to provide 
means which will prevent any eccentric loose play in the 
movements of the seat as it engages the nozzle. Other 
wise the seat will not be presented to the nozzle in such 
a manner that the nozzle lip impression in the face of 
the seat is accurately fitted to the nozzle lip. Unless 
this is done the valve will continue to leak until sufficient 
pressure is developed to force a tight closure. In other 
words, the regulator will have a tendency to creep 

In the regulators of Figs. 6 to 9, inclusive, seat ac 
commodation is provided by permitting the high-pressure 
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seat to rock on a welt in the bottom of the seat-carrying 
cavity at the end of the lever, the seat being retained in 
position by a resilient metal seat retainer. Positive 
seat alignment is secured through the nature of the lever 
and compensating spring assembly in which the rounded 
ball fulcrums of the lever are urged to the lowest possible 
position in the conical fulcrum cavities machined into 
the regulator body, thus eliminating all loose play. 


Filters 


Fine woven wire strainers of 100 or 200 mesh are fre- 
quently employed at the regulator inlet in an attempt to 
remove foreign material. The results have been only 
moderately satisfactory. The reason for this is obvious 
when it is considered that the seat displacement is usually 
so small that particles which would readily pass through 
the finest of wire strainers may be retained between the 
nozzle lip and the surface of the seat. Consequently, 
efforts have been made to prolong the life of the regu- 
lator seat by selecting seat material which to a consider- 
able degree will accommodate foreign particles by permit- 
ting them to become embedded in the surface of the seat 
when the latter is forced against the nozzle lip. There is 
a minimum hardness which is permissible in accomplish- 
ing this object, sinee it has been found that a material 
such as babbitt, which will accommodate the foreign 
material as a result of a certain degree of plastic softness, 
is not very satisfactory. If the material is soft enough 
to readily accommodate these particles, it is too soft to 
prevent a slow plastic yielding when the seat is pressed 
tightly against the nozzle. The most satisfactory ma- 
terials have thus been found to be those which possess 
a certain degree of resilient softness (i.e., a moderately 
low elastic modulus). For many years certain organic 
materials such as caseinite were used, but owing to the 
hygroscopic nature of such materials any moisture in the 
gas served to soften seats excessively under certain con- 
ditions. 

The deleterious effect of softened seats upon low out- 
flow regulation has already been described. In addition 
to this it frequently happens that regulator seats develop 
cracks when permitted to dry when pressed tightly 
against the regulator nozzle by the regulator compensat- 
ing spring while the regulator is not in use. The result 
is that, if a regulator with such a seat is then placed in 
service, the seat is incapable of stopping the discharge of 
high-pressure gas and consequently excessive pressures 
may develop within the regulator body. 

What has just been said pertains chiefly to cylinder 
regulators. Because the inlet pressures are much lower 
in line regulators, the compensating or marginal stress 
need not be so great. Consequently these regulators 
may readily employ soft rubber seats. This is fortunate 
inasmuch as it is through the use of soft rubber seats 
that line regulators, when not provided with adequate 
filters, are capable of caring for the great quantities of 
dirt and scale which are frequently carried into them 
from long distributing lines. 

Much careful research has indicated that aside from 
such inflammable and hygroscopic material as wool and 
cotton felt, glass-wool is probably the most efficient 
dust filter which may be employed in regulators. Glass- 
wool is not only free from the ignition hazard that is in- 
volved with inflammable filters, but being non-hygro- 
scopic it always remains resilient. It is apparently by 
virtue of its resiliency that it does not cake over with 
dirt and scale in the manner that a metallic strainer does. 
Even after three years of severe service, a regulator 
equipped with a filter of this type has been found to 
offer no measurable restriction to the flow of the gas, 
although when opened the rear end. of the filter was 


found to contain almost a thimble full of fine dirt and 
scale. During this interval there had been no seat 
failures. The effectiveness of this filter may be readily 
demonstrated by pouring fine iron or brass filings into 
the inlet of the regulator. Thereafter the regulator 
continues to perform satisfactorily although this same 
treatment would at once render the average regulator 
inoperative. 


Safety Features 


Because there is the possibility that excessive pressure 
may develop in a regulator, either through some abnor- 
mal action of the regulator itself or as a result of a flash- 
back, it is desirable that regulators be equipped with 
some device which will vent the regulator in event that 
the delivery pressure rises appreciably above normal. 
Frangible discs or readily rupturable diaphragms are 
sometimes used for this purpose, but a relief valve which 
will close tightly after the abnormal cause of the distur- 
bance has been removed is to be preferred. Such a relief 
valve is illustrated in Figs. 6 and 9. 

In the case of the regulator of Fig. 9, the relief valve 
relieves excessive pressure in both the first and the 
second stages. If an excessive pressure tends to develop 
down-stream from the regulator as a result of a distur- 
bance in some other source of supply or because of a 
back-fire, the second stage seat will lift and permit 
the excessive pressure to be relieved through the first 
stage cavity and from thence through the relief valve. 
In the rare event that the excessive pressure arises be- 
cause of a leak through the valve of the first stage, as for 
instance as a result of gross carelessness in repairing or 
assembling the regulator, the relief valve will serve to 
directly vent the first stage cavity. 

Whatever the cause of the functioning of the relief 
valve, its operation will always be accompanied or pre- 
ceded by a display of a red bordered signal button in the 
back cap of the regulator, which will be forced outward 
under the influence of the first stage diaphragm in event 
of any pressure appreciably higher than normal. In this 
manner a visible signal is given whenever any abnormal 
pressure has developed. The signal will remain dis- 
played until it has been restored by hand. It indicates 
that at the first reasonable opportunity the regulator 
should be removed from service for inspection and 
possibly for repairs. 


Seat Ignition 


A rather serious type of seat trouble, but one which 
fortunately has been eliminated in modern regulator de- 
signs, is what has come to be known as “‘seat ignition.” 
If oxygen at full cylinder pressure is suddenly admitted 
into an oxygen regulator by opening the cylinder valve, 
then considerable heat may be developed at the regulator 
seat as a result of the heat of compression imparted to the 
gas originally in the regulator inlet passages. Inas- 
much as the most satisfactory seat materials are certain 
organic materials, such as carefully selected grades of 
hard rubber, the heated oxygen in contact with the 
seat predisposes the latter to ignition. It requires only 
the presence of some small inflammable foreign particles 
as fuses or a highly roughened seat surface to cause the 
seat to burn. The result, of course, is that gas at cylin- 
der pressure will suddenly be admitted into the low- 
pressure cavity of the regulator. 

It has been found that a glass-wool filter not only 
eliminates the aggravation of frequent seat replace- 
ments, but by preventing inflammable foreign material 
from reaching the regulator seat, it removes one of the 
contributory causes of seat-ignition. The fundamental 
cause, however, of excessive temperature rise at the 
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seat surface, may be removed by creating a cul-de-sac 
or dead-end pocket beyond the regulator seat. Figure 6 
shows such a pocket under the high-pressure gage and a 
passage from this pocket communicating with the 
regulator nozzle. The effectiveness of this construction 
depends upon the fact that the heat developed in any 
passage suddenly flooded with high-pressure gas is 
localized in the extreme end of the passage. This 
phenomenon may be explained as follows: 

Let it be assumed that a full oxygen cylinder pressure 
of 140 atmospheres is suddenly applied to the oxygen 
within the high-pressure passage of the regulator. 
Also assume the oxygen in this passage to have been 
practically at atmospheric pressure previous to the 
application of the 140 atmospheres of pressure. If 
there were no intermingling of the gas from the cylinder 
with that which was already in the high-pressure passage, 
these conditions would result in a temperature rise of 
nearly 1700° F. Of course, the actual conditions of flow 
of the gas through the regulator passage result in an 
intermingling of the two bodies of gas to such an extent 
that a much more moderate rise of temperature is the 
usual result. 

In order to perceive clearly the nature of the phe- 
nomena involved, it must be observed that the volume 
of the original gas, which had occupied the entire inlet 
passage, has been reduced to '/,th of its original bulk. 
This small amount of hot gas has been diluted with 
gas from the cylinder. The latter is practically at room 
temperature except for the effect of the heat it has 
abstracted from the hot gas, because although it has 
undergone an approximately adiabatic expansion in 
flowing from the cylinder during which its temperature 
dropped to a very low value, it immediately thereafter 
underwent an adiabatic compression in which its tempera- 
ture was restored practically to its original value. 

In actual practice the dilution of the hot gas is seldom 
uniform. Apparently the warmer portion of the gas is 
pushed to the end of the passage, namely, to the seat 
surface in the usual type of regulator construction or 
into the dead-end pocket in the case of the regulator 
covered by this description. 

The effectiveness of this construction is illustrated by 
Fig. 12 which shows an oxygen cylinder and regulator 
(the latter equipped with dead-end pocket) being 
withdrawn from a bath of water which was heated 
to a temperature of 190° F. The regulator and oxy- 
gen cylinder were immersed in this bath for a period 
of one hour, and then hot oxygen at a pressure of 
2500 Ib. per sq. in. was suddenly admitted into the 
regulator from the cylinder. Although many different 
highly inflammable seat materials and inflammable 
substances within the nozzle were tried, it was found 
impossible to bring about seat ignition in regulators of 
this type. 

However, in order that there might be no doubt that 
seat ignition had been entirely eliminated, a type of 
seat material was ultimately selected which is extremely 
resistant to ignition even when heated to temperatures 
much higher than was possible in the water bath. Since 
the dead-end pocket principle was first employed in 
regulator construction tens of thousands of regulators 
have been manufactured employing this means of 
seat protection, and yet not a single instance of seat- 
ignition in these regulators has been found. 


Operating Range 
Both safety and adequate performance are dependent 
upon not exceeding the proper operating range of a regu- 
lator or its normal discharge capacity. The range of the 
low-pressure gage is no index of the working -pressure 
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range of a regulator. The manufacturers of pressure 
gages do not usually recommend the use of the gage 
throughout the full range of the graduated scale. 

The question is frequently raised as to just ‘““‘how much 
gas a (given) regulator will pass.” Although this ques- 
tion can be answered, in a sense, the question and the 
answer are really not of much practical importance. 
If on rare occasions one should actually require such 
information, it should prove helpful to know that a 
regulator with a '/s-in. diameter nozzle orifice will at 
2000-Ib. cylinder pressure deliver over 20,000 cu. ft. of 
oxygen, or over 80,000 cu. ft. of hydrogen per hour. 
Provided the outlet is large enough to handle this flow 
at the given operating pressure, the regulator may clearly 
be said to be “‘passing gas’’ at these enormous rates of 
flow. Of course the regulator would have to be heavily 
damped to avoid humming. If the inlet pressure were 
not permitted to fall much below 2000 Ib. and if pre- 
cooling phenomena were not seriously involved, then the 
regulator might actually regulate the delivery pressure 
even at such tremendous discharge rates. 

But the information which is usually required is more 
properly phrased as follows: ‘‘How heavy an outflow 
will this regulator handle if a regulation end-point of 
200 Ib. per sq. in. (for example) is not exceeded?’ 
Figure 13 indicates why the regulation end-point is 
of fundamental importance when the discharge capacity 
of the regulator must be known. Note that for the regu- 
lator whose performance is indicated by Fig. 13, one 
would be correct in stating that if a regulation end-point 
of 200 Ib. per sq. in. must not be exceeded, the regulator 
will not handle outflows much over 1000 cu. ft. per 
hr. On the other hand, if a regulation end-point of 500 
Ib. per sq. in. were tolerated, then the same regulator 
would handle 4000 cu. ft. per hr. 


Selection of Regulators 


From what has been said it must be apparent that the 
different classes of oxyacetylene regulators vary con- 
siderably from one another in their design characteristics. 
The use of the wrong type of regulator for a given job 
is very likely to result in either an inferior quality of 
pressure regulation or in an excessive end-point or both. 
Moreover under certain conditions the somewhat 
common practice of regarding a regulator as merely a 
“regulator’’ and not carefully selecting it for the par- 
ticular job may result in damage to the regulator or 
even to an actual hazard. 

Thus, one is certainly presumptuous, if nothing more, 
who uses a line regulator designed for an inlet pressure 
less than 200 Ib. per sq. in. on a cylinder of oxygen where 
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the pressure is on the order of 2000 Ib. per sq. in. From 
the standpoint of adequate regulation and a satisfactory 
regulation end-point, the opposite practice of using 
cylinder regulators as line regulators is equally to be 
condemned. 

There are many obsolete designs of regulators still 
in use today that have long outlived their usefulness. 
The number of inferior welds which have been made as a 
result of a low quality of pressure regulation is, of course, 
impossible to estimate. Likewise, there is an unknown 
number of regulators still in use or used on the wrong job 
or misused in such a manner that considerable gas is 
wasted because of excessive end-points which are thus 
involved. 

Thus, the first and second points to be borne in mind 
when selecting a regulator are: 


1. The regulator must be of the correct class for the 
work intended, i.e., cylinder acetylene welding regulator, 
oxygen cutting line regulator, light duty oxygen mani- 
fold regulator, etc. 

2. The regulator must be of the correct operating 
range and discharge capacity for the work intended. 

Additional features which are worth considering are: 

3. The quality of fundamental regulation should be 
adequate (i.e., the delivery pressure should not deviate 
too much with changing inlet pressure). 

4. The regulation end-point at the maximum dis- 
charge rate for which the regulator will be used should 
be ascertained in advance. 

5. Galolith and similar seats which may be softened 
in water should be avoided unless it is positively known 
that the regulator is to be used only with gases which 
contain a negligible amount of moisture. 

6. Regulators with excessively stiff adjusting springs 
are seldom justified. The spring is too stiff if a relatively 
small longitudinal movement of the adjusting screw 
gives rise to a very considerable change of delivery 
pressure. 

7. The number of joints at which gas leaks might 
develop as a result of careless assembly or through long 
usage should be reduced to the absolute minimum. 

8. Cylinder regulators for use with high-pressure gas 
should preferably be constructed in such a manner that 
it is not necessary to break a high-pressure joint in order 
to replace the regulator seat, and in compound regulators 
the best arrangement is a regulator which requires the 
opening of only one pressure joint in order to reach both 
regulator seats. 

9. A highly efficient dust filter is virtually required in 
cylinder regulators if the regulator is to be serviceable 
over long periods. 

10. Proper seat accommodating and seat alignment 
means are desirable in cylinder regulators. 

11. Adequate but not excessive damping is highly 
desirable. 

12. In general, high-grade rubber diaphragms with 
strong fabric reinforcing insertion are greatly superior 
to metallic diaphragms. 

(a) The stiffness of metallic diaphragms when as- 
sembled into a regulator with diaphragm plate in place 
is usually excessive. In many regulators of this type a 
slight yielding of the regulator seat will result in enough 
loss of stress to cause the regulator to leak when the 
adjusting screw is released. Excessive stiffness also 
results in inferior regulating characteristics. 

(6) A high-grade fabric reinforced rubber diaphragm 
will last for at least ten or fifteen years. The fatigue 
life of metal diaphragms capable of permitting adequate 
seat displacement is relatively short. 


(c) The joint between a rubber diaphragm and the 
regulator body is easier to make up tight than is the joint 
between a metal diaphragm and a regulator body. 

(d) Unless the metal diaphragm assembly is per- 
mitted to be exceedingly stiff, it is possible to use a 
larger diaphragm plate with a rubber diaphragm than 
it is with a metal diaphragm; regulation is accordingly 
superior. 

13. Oxygen regulators should be reliably protected 
against seat ignition. 

14. A pressure relief, preferably of the relief valve 
type, should be employed on all regulators which are 
designed to handle compressed gases of pressures greater 
than 300 or 400 Ib. per sq. in. 

15. Only strong forgings or equally strong structural 
shapes should be employed for the regulator body and 
spring case. 

16. All parts should be as ruggedly constructed as the 
practical requirements of the oxyacetylene welding art 
demand. Ruggedness and sensitiveness are not in- 
consistent. 


Testing 


Both in the selection and in the proper maintenance of 
regulators it is desirable to have a working knowledge 
of the more important performance tests, particularly 
those tests which can readily be conducted without an 
elaborate set-up. 

One of the most important of these is a rough check of 
fundamental regulation and of end-point. If the regu- 
lator is a line regulator, this may be done by attaching 
the regulator to a line from a cylinder regulator and with 
a typical torch and tip connected to the regulator by a 
suitable hose line, varying the inlet pressure as delivered 
by the cylinder regulator throughout the range which 
would be encountered in practice. In order that the dis- 
charge through the regulator closely approximate the 
practical demand, it usually is essential that both the 
oxygen and the fuel gas be flowing through the tip at the 
same time. The effect of the inlet variations upon de- 
livery pressure may then be directly observed. By 
continuously decreasing the inlet pressure, it will be 
possible to determine the regulation end-point by ob- 
serving the point at which the delivery pressure begins 
to vary almost as much as the inlet pressure. 

With cylinder regulators the general principles of the 
test just described are also applicable, but in this case 
the regulator must be supplied with gas at cylinder 
pressures. The regulator with hose and torch attached 
may be directly attached to a full cylinder and after 
adjusting the delivery pressure to the proper valve with 
the gas discharging through torch and tip, the cylinder 
valve may be suddenly closed. By closely watching 
both the low-pressure gage and the high-pressure gage 
it will be possible to note the approximate relationship 
between the delivery pressure and the inlet pressure. 
If the rate of out-flow is very large, however, it is fre- 
quently desirable for the sake of increased precision of 
observation, to include a high-pressure manifold bar, 
or other piping definitely known to be capable of with- 
standing the maximum cylinder pressure between the 
cylinder valve and the regulator. The increased re- 
serve volume thus available after the cylinder valve has 
been closed will prevent the pressures from falling too 
fast to be accurately observed. 

If the regulator is to be used for low out-flows, one 
should not in selecting a regulator, omit a low out-flow 
test similar to the one just described except that the 
regulator should have been idle before the test for at 
least an hour with the adjusting-screw released and 
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without being subjected to gas pressure by being at- 
tached to a cylinder. In this test, moreover, the cyl- 
inder valve should not be closed. The regulator should 
be quickly adjusted to the proper delivery pressure 
with torch and small tip attached, and the delivery 
pressure noted from time to time for the first half hour, 
during which time the regulator naturally is not to be 
readjusted. 

The static increment and creep, of course, may be 
observed by closing off the torch valve while the cylinder 
valve is still open. For full information as to the static 
increment characteristics of a regulator, it is desirable 
that this test be conducted at several different cylinder 
pressures between full cylinder pressure and the regula- 
tion end-point. It is worth observing, however, that the 
significance of the static increment test frequently has 
been overrated. A regulator with abnormally high 
static increment compared with others of its class is to be 
considered doubtful, but there are few cases where a 
static increment less than 1 or 2 lb. in a welding regulator 
or 8 or 10 Ib. in a cutting regulator is essential in actual 
practice. 

The efficiency of the filter can be tested by pouring 
clean fine sand or metal filings free from oil or dirt into 
the inlet of a sample regulator, and then attempting to 
use the regulator by alternatively opening and closing 
the torch needle valve after the regulator has been 
adjusted to a typical delivery pressure. 

In testing a regulator the adjusting-screw should 
never be turned in when the regulator is attached to a 
source of gas supply unless hose, torch and proper tip 
(or their equivalent) are connected to the regulator 
outlet. Regulators, if carefully designed, are provided 
with damping adequate for only the maximum out-flow 
which will be encountered under practical conditions. 
They are not intended to be used with the outlet wide 
open. 

Elaborate or dangerous tests, such as seat-ignition 
tests and hydrostatic tests of regulator bodies or dia- 
phragms, should be avoided unless detailed instruction 
is secured directly from the manufacturer. 


Care and Use 


The first consideration in the use of regulators is, as 
previously intimated, to use the right regulator for the 
particular application and to use it in the proper manner. 
This almost trite observation is extremely important 








testing and inspection. 


Membership Drive 


Have you done your part in the Drive by obtaining one new member? 


At a small annual cost of $10 through Associate Membership in the 
AMERICAN WELDING SOCIETY, an opportunity is provided for keeping 
abreast of the latest developments in welding, including codes, standards, 
specifications, new materials, processes, procedure, design data, methods of 


but is frequently violated. Of course, it is not always 
entirely obvious as to when a regulator is used in the 
proper manner, but the discussion in these pages should 
do much to make this clear. Some miscellaneous con- 
siderations, however, may profitably be introduced at 
this point. 

One of the most important of these is that the working 
pressure range of a cutting or manifold regulator is 
exceeded if with increasing adjustment with the outlet 
of the regulator closed a point is reached at which a 
relatively small turn of the adjusting-screw gives rise 
to a very considerable increase in delivery pressure. 

The working range of any line regulator is exceeded if 
with proper torch and tip attached further turning of the 
adjusting-screw does not give rise to further increase in 
delivery pressure. There should preferably be at least a 
2- or 3-lb. margin between the normal delivery pressure 
of a welding line regulator and the maximum delivery 
pressure which can be obtained in the manner just 
described. Of course, if the working range does not 
exceed the normal delivery pressure, it may be no fault 
of the regulator. It may be due to the operator having 
insisted on a higher delivery pressure than he actually 
requires. In fact he may have throttled this pressure 
down to a more reasonable value through the use of the 
needle valve on his torch. Or it may be that the de- 
livery pressure is correct but the line pressure is entirely 
too low. When regulators are misused in this manner 
they do not function satisfactorily as back pressure 
cut-off valves in event of flash-backs or the counter flow 
of another gas. 

It is helpful to know that most regulators give slightly 
better results if the delivery pressure is reached by a 
clock-wise turning of the adjusting-screw instead of 
dropping back from a somewhat higher pressure following 
a careless preliminary adjustment. 

Of course, it is essential that the regulator be not 
opened and tampered with out of mere curiosity or in 
the belief that indiscriminate replacement of regulator 
parts will improve its performance. 

No unauthorized or unqualified person should be en- 
trusted to make regulator repairs. 

Finally, let it be emphasized that the manufacturer is 
generally well qualified to advise on regulator problems 
and to assist the user in getting the optimum perform- 
ance. Where there is the slightest doubt, the manu- 
facturer should be consulted. 
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@ There are times when the selectio 
Welding Wire seems of small Pace ra «dh 
But when that wire is used to make a 
weld it becomes the “*biggest”’ little detail 
on the 5 Leer ne is —- skilled ers 
want welding wire which is processed to 
meet individual ge een They rec- 
nize immediate the advantage of 
UNIFORMITY. ey Cyr ae these 
and other eavanteaen of | GE-ARMCO 
Welding Wire because it has been shop- 
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PAGE STEEL AND WIRE COMPANY 
General Sales Office: 
An Associate ay of the American Chain Co., Inc. 


t Sales O; 
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PAGE-ARMCO PROCESSED WELDING WIRE & ELECTRODES 


< BIGGEST little detail in the Act 


» » » and so is WELDING WIRE 


tested to meet exacti uirements ON 
THE JOB. iit 


To neglect this apparently ins t 
detail can result & inferior welds, lost 
time, scrapped material, and i 

costs. Buy Page-Armco and be sure of 
what you get. 


Write today for samples and complete 
information to our Engi a ogee Depart- 
ment. There is no obligation 


Monessen, Pa. 
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THERE are many fine things in life that we take almost 
for granted. Health, water, sunlight, green fields, loyal 
friends, a home to live in. .. . Not until some mischance 
deprives us of these priceless possessions do we learn 
to esteem them at their true value. 

It is in much the same manner that most people re- 
gard the telephone. Millions of men and women have 
never known what it is to be without one. Each day, 
each week, each year, they use it freely, casually, as 
a matter of course. 


The telephone has won an important place for 


AMERICAN TELEPHONE AND 


Mention the “‘ Journal of the American Welding Society’’ 


have come for 





itself in life and living because of service rendered. To 
keep friend in constant touch with friend, to help 
manage a household smoothly and efficiently, to give 
larger scope and opportunity to business of every kind, 
to protect loved ones in time of unexpected danger 
... this is the task of the telephone. 

It stands ever ready to serve you — to carry your 
voice and your words to any one of millions of other 
telephones in this country or in foreign lands. You 
are in touch with everything and everybody when you 


have a telephone. 
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WELDING OF STAINLESS STEEL ATTRACTS POP AND LAD 





“This, Lad, to my knowledge is the first large 

pressure vessel of arc-welded stainless steel 
construction. There’s 20 tons of 18-8 stainless and 
about 1000 feet of welding in this job. The vessel 
is 59 feet 6 inches long, 6 feet 6 inches in diameter, 
with shell of 3-inch plate. 


“To my mind, its construction is a 
tribute to the progressiveness and 
engineering skill of the Foster 


Wheeler Corporation who are 





building it.” 





“You're right, Pop, and it’s also a tribute to the 
shielded arc process of welding which made 
possible welds having the same physical characteris- 


tics as the 18-8 stainless. 


“With Lincoln welders and ‘Stainweld’ electrodes, as 
used by the Foster Wheeler Corporation you can get 
just such welds. That’s why in many 
large fabricating shops you'll find 
Lincoln welders and ‘Stainweld’ elec- 
trodes being used for welding of stain- 


less steel and steels clad with stainless.” 


@ For complete information on welding procedure 
for 18-8 stainless steel write 


LINCOLN 


THE LINCOLN ELECTRIC COMPANY, CLEVELAND, OHIO 


Largest Manufacturers of Arc Welding Equipment in the World w-60 
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“Uniform 

in composi- 
tion, naturally, 
because made by 
Anaconda”’. 
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welders believe 
that Tobin Bronze zs better! 


THOUSANDS of satisfied users of Tobin 
Bronze . . . the original low melting point 
bronze rod . . . will accept no other brand. 
As many welding foremen have said, “Tobin 
Bronze must be better... my men swear by it.” 

Of the complete line of seven Anaconda 
Copper-alloy Rods, Tobin Bronze is the 
most generally used . . . because of its wide- 
spread acceptance as the ideal rod for the 
oxy-acetylene welding of cast iron and mal- 
leable iron. It melts at 1625°F; pre-heating 
is usually unnecessary. 

All Anaconda Welding Rods are uniform 
in composition. Every possible precautioa 
is taken to prevent the inclusion of even the 
minutest quantities of foreign elements. 
During more than a century’s manufacturing 


experience, Tl.e American Brass Company 
has acquired the metallurgical knowledge so 
essential to the maintenance of unvarying 
high quality. A complete line of low melt- 
ing point Anaconda rods is available through 
leading distributors . . . usually shipped in 
bulk, but also obtainable in clearly labeled 
ten-pound packages. For complete informa- 
tion, ask for Publication B-13. 





THE AMERICAN BRASS COMPANY 
General Offices: Waterbury, Connecticut R 





Offices and Agencies in Principal Cities 


In Canada 
ANACONDA AMERICAN Brass Ltp., New Toronto, Ont. 
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WELD BUILDINGS AT Less CosT 





Eliminate the Noise of 
Riveting and at the 
Same Time Cut 
Erection Costs 


By Using the 
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BOLTLESS CONNECTION 


SAFETY of arc welded 
buildings is definitely estab- 
lished. 


DESIRABILITY of arc 
welded buildings with the re- 


STRUCTURAL CONNECTION FOR STEEL duction of noise in their con- 
ERECTION ELIMINATING FIELD BOLTS 











(Prowscted by peat peadian) struction is equally definite. 
The use of this connection not only eliminates field 
bolting, but also shop punching and drilling of NOW, ECONOMY of arc 
members. The pins, easily driven into place, not wel di i : 
only hold the members securely for field welding, but elded buildings s obtained by 
reduce materially the plumbing and guying of the doing away with the expense 
structure. . 

of field bolting. 


The LEAKE and NELSON Co. 


CONTRACTING * CONSULTING * STRUCTURAL * WELDING 


Main Office and Works Pennsylvania Representative— 


« 
203 Ash St., Bridgeport, Conn. E ng 1 Tl e e Tr S Snow-Weaver Industrial Man- 


agement, Inc., Harrisburg, Pa. 


Licensee under U.S.A. patents and patents pending controlled by A. G. Leake 
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for ELECTRODE PERFORMANCE 


There’s more to Murex performance than 
the mere rapid deposition of high quality 
weld metal. Ease of manipulation...lack 
of spatter and undercutting...smooth de- 
posits...ready cleaning... these are the 


advantages which put Murex Electrodes | >> 
in a class by themselves; which save | 
welding time and reduce welding costs. [ 


Give your welders Murex and you give Ee 
them a break. For, in addition to mak- © 


ing the welding operation easier, Murex 


Electrodes lessen eye strain and burn | 
without objectionable fumes or smoke. | 
They can be bent without injury for bet- “77 


ter access to awkward places. 
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GIVE WELDERS A BREAK 






Let us send you the Murex Booklet. Or, 
if your work involves the welding of 
heavy plate or of manganese steels, 
write for the following bulletins: 


Murex Straight Gap Welding 
A new time and money saving method 
of joining heavy plates without “veeing” 
or grooving plate edges. 


Murex Manganese Welding 
A new process which eliminates much 
preparatory work and assures strong 
sound welds. 


METAL & THERMIT CORPORATION 
120 Broadway New York, N. Y. 


Albany Chicago Pittsburgh S.San Francisco Toronto 
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HEAVY MINERAL C 
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G-E Are Welding 


Solves Construction Problem 


G-E WELDING ELECTRODES 















































GENERAL @ ELECTRIC 





on New Bridge 





HEN haulage costs for the No. 5 Mine of the Kemmerer Coal 

Company in Wyoming became prohibitive because of the distance 
from the producing veins to the tipple, it became necessary to provide 
a “short cut.” 


An accumulation of stock on hand, consisting of pipe and rails from 
closed-down mines, was available. This material, plus G-E arc weld- 
ing, resulted in the bridge shown above—an economical solution of 
the problem. The bridge has a span of 393 feet and is 52 feet above the 
main-route highway between Kemmerer and Yellowstone National 
Park. Yet the only new metal required was 135 pounds of G-E Type F 
electrodes. 


You can’t find better electrodes for general-purpose welding than the 
G-E Type F. By all means, try some for your next job and find out for 
yourself how satisfactory they really are. The nearest G-E welding dis- 
tributor will gladly give you a sample. Ask him, also, for our |R. 

handy booklet, “G-E Welding Electrodes,’ GEA-1546A, or 
address General Electric, Dept. 6B-201, Schenectady, N. Y. 








550-22 
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